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FOREWORD

This document is part of the Final Report performed under

contract NASW-3864, titled "NASA Long Range Technology Goals."

The objectives of the effort were:

To identify technologies whose development

falls within NASA's capability and purview,

and which have high potential for leapfrog

advances in the national industrial posture

in the 2005-2010 era.

To define which of these technologies can

also enable quantum Jumps in the national

space program.

To assess mechanisms of interaction between

NASA and industry constituencies for

realizing the leapfrog technologies.

This Volume contains the second part of the

pertaining to the status of the U.S. industrial sector.

findings
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B.7 "CBKNICALS AND ALLIED PRODUCTS" (SIC 28)

The chemicals and allied products subsector, SIC 28, is the

seventh largest manufacturing subsector, accounting for 4.3_ of

the manufacturing sector's portion of GDP. This subsector is

characterized by:

A high degree of fragmentation. Out of a total of

approximately 12,000 establishments, 7,500 employed

less than 20 persons (1977).

A labor productivity of $45,829 per employee year or

$23.87 per employee hour (1980, 1972 $), ranking this

subsector third among the nation's 20 manufacturing

subsectors. A compound annual labor productivity

growth rate average of 1.9%/year from 1972 to 1980,

ranks this subsector sixth. The labor productivity for

the comparable Japanese subsector was $27,177 per

employee year or $14.15 per employee hour (1980, 1972

$), ranking this subsector second among Japan's 20

manufacturing subsectors. The compound annual labor

productivity growth rate for the Japanese subsector

averaged 4.8%/year from 1972 to 1980, ranking this

subsector thirteenth.

An extremely high capital investment base relative to

other subsectors within the manufacturing sector.

Capital investment amounted to $50,366 in total assets

per worker, ranking second in terms of (depreciated)

fixed assets (1980, 1972 $). New yearly capital

expenditures were $5,403 per employee (1980, 1972 $),

ranking second in the manufacturing sector. Total

capital productivity, measured as dollars of added

value output per dollar of capital investment, was 0.67

(1981).
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A moderately aggressive R&D program. For the subsector
as a whole, R&D expenditures amounted to $2.6 billion

(1980, 1972 $), ranking this subsector fourth among the

20 manufacturing subsectors. R&D expenditures were

equivalent to 6.2% of the value added by the subsector
in 1980.

The chemicals and allied products subsector produces three

general classes of products: I) basic chemicals such as acids,

alkalies, and oleflns; 2) chemical intermediates, such as syn-
thetic fibers, plastic resins, and rubber, which are used in

further manufacturing; and 3) finished chemical products used for

ultimate consumption such as drugs, cosmetics, soaps, and fertil-
izers. Table 7-1 shows the major products of each subdivision

within the chemical and allied products subsector, with their

contribution to the subsector's share of the manufacturing part

of the GDP in 1980 ranked in descending order. Table 7-2 summa-
rizes the principal economic features of these subdivisions.

A major industry which cuts across several of these subdivi-

sions is the petrochemical industry. Figure 7-1 shows the major
sources of raw material for the petrochemical industry.

Four subdivisions of the chemicals and allied products

industry have been selected for an In-depth analysis in view of

their contribution to the subsector (approximately 60% in 1980),

and their potential for long-term technology development. These

selected subdivisions are: Plastics Materials and Synthetics
(SIC 282), Drugs (SIC 283), Industrial Organic Chemicals (SIC
286), and Agricultural Chemicals (SIC 287).

B.7.1 PLASTICS MATERIALS AND SYNTHETICS (SIC 282)

This subdivision includes establishments that are primarily

engaged in the manufacture of plastics materials and synthetic

resins, synthetic rubbers and cellulosic and manmade organic

7-2



TABLE 7-1

CLASSIFICATION OF MAJOR PRODUCTS OF THE

CHEMICAL AND ALLIED PRODUCTS INDUSTRY (SIC 28)

AND CONTRIBUTION 90 SUI_ IN 1980

SIC CODE

286

283

284

282

281

287

289

285

SUBDMSION DESIGNATION
AND TYPICAL PRODUCTS

I]_K_S_KAL (RC_MIC C_IICALS

Gh_ A_D WOO0 CHI_[ICALS, CYCLIC
CRUDES AND INTERMEDIATES, AND OTHER
INDUSTRIAL CH_41CALS.

BIOIX]GICAL PRODUCTS, _EDICINALS
A_D BOTANICALS, AhD PHARMACEUTICAL
PREPARATIONS.

SGAPp (XJgANERS_ A_D _DILET GO(X_

SOAP AND OTHER DETERGENTS, POLISHES
AND SANITATION GOODS, SURFACE ACTIVE
AGFJqI_, AND TOILET £REPARATIONS.

P_TICS __ AND SYN'n_TICS

PLASTICS MATERIALS AND RESINS,
SYNTHETIC RUBBER, CELLUI/)SIC MAN-
MADE FIBERS, AND NONCELLULOSIC
ORGANIC FIBERS.

_ANIC ClII_ICALS

_IES A_) CHLORINE, INDUSTRIAL
GASES, INORGANIC PIGMENTS, AND

INDUSTRIAL INORGANIC CHI_4ICALS.

;_H_IC[K_I_P_LLC_NIC;K_S

NITROGenOUS FERTILIZERS, PHOSPHATE
FERTILIZERS, MIXING I_ERTILIZERS,

AGRICL%TJRAL CHEMICALS.

_ C_U_41CAL P_G_SC'fS

ADHESIVES AND SEALANTS, EXPLOSIVES,
PRINTING INK, CARBON BLACK, AND Of'HER
CHEMICAL PRE_ARATIONS.

PAINTS, SHELLAC, AND STAINS.

CONTRIB_flON

20. i

18.4

17.4

13.3

11.9

7.7

6.4

4.8

28 ALL CH_41CAIB AhD ALLIED PRODUCTS I00.0

SOURCES: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
EOP/0MB: STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972
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fibers. Major sources of revenue include fabrics and textiles,

paper products, paints, tires and inner tubes, rubber products

and miscellaneous manufacturing.

Tables 7-3 and 7-4 illustrate the industry's business and

structural profiles, respectively. Table 7-3 shows that industry

shipments, expressed in constant 1972 dollars, increased by 25%

over eleven years; however, this represented a drop from a ship-

ment high of $14.5 billion in 1979 to $13.1 billion in 1983.

Employment decreased by 23.3% during the same period. Plants

operated at only 60% of capacity during the fourth quarter of

1982.

Tables 7-4 shows that the industry is dominated by five

firms, which produced $20.4 billion in sales in 1983. Establish-

ments are mostly intermediate in size with 68% employing 20 to

i000 workers.

The cost of producing the finished product in this subdivi-

sion is dominated by the cost of input materials (72.9%). Total

labor costs represent 16.4% of production costs, while energy and

capital costs are 5.1% and 5.6%, respectively. Water has become

a major cost factor in chemical processing. For the six years

between 1972 and 1978, the average annual cost of water pollution

control was $13.4 billion. Yearly projections for the period

from 1981 to 1990 are expected to average $112.0 billion.

The plastics and synthetics subdivision (SIC 282) can be

broken down into constituent subgroups for a clearer picture of

trends in production, imports, and exports. The four subgroups

of the plastics and synthetics industry are the plastics mate-

rials industry (SIC 2821), the synthetic rubber industry (SIC

2822), and the man-made fibers industries: cellulosic fiber (SIC

2823) and noncelluloslc fibers (SIC 2824). A more detailed anal-

ysis of these industries follows.
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TABT,_. 7-3

BUSINESS PROFILE OF

PLASTICS MATERIALS AND SYNTHETICS INDUSTRY (SIC 282)

(BILLION $)

1972 $

_]m_ALBawjD_

(T_OUSANDS)

Index 1877 .. 100

1972 1977 1979 1981 1983

9.8 12.7 14.5 13.1 13.1

161.6 157.2 160.2 147.1 131.3

10(

80

60

Per Employee Hour

20

0
1958 1962

Souree: UnpubU_dm_ BL8 Det8

I 1 I I
1966 1970 1974 1878 1982

CAPACITY, 1982,

N_r YSOYIT _IN _'M_ _%XKS,

MBDIAN _ _, 1983, %

CAPITAL I_P_D_ t 1981

1981, %

(BILLION $)

60

4.6

16.4

1.60

SOURCES: U.S. D0C/BIE: 1984 U.S.
U.S. DOL/BLS

AITPH[_ D. LIXTLE, INC.

INDUSTRIAL OUTIXK)K
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TABLE 7-4

STRUCTURAL PROFILE OF THE

PLASTICS AND SYNTHETIC RESIN INDUSTRY (SIC 282)

EST.I_[,L._B_S (1977

(CATEGORIZ]_D BY NO.

OF _PLOYEES)

SMALL (<2O)
INTERMEDIATE (20-1000)
LARGE (>i000)

128

365

43

TOTAL 536
(319 00MPANIES)

L_W_ _ (1983)

NAME

E.I. DUPONT de N_OURS, INC.
MONSANTO 03.

CELANESE CORP.

HERCULES INC.

OWENS- ILLINOIS

TOTAL

SALES

($ BILLION)

13.6

2.55
2.48

0.95
O.86

20.44

"DI_'_ION, 1980

OTHER

MFG. LABOR LABOR MATERIALS ENERGY CAPITAL

11.8% 4.6% 72.9% 5.1% 5.6%

_ALI_T PDDE (]P PB[K_ESS]]_ CONTINUOUS WITH SOME BATCH

F.&D EKI_Q_D_, (1981 ESTIMATED)

CURRENT $, BILLION
0.75

A%qQ_i,(_ ANNOAL (X]_T OF _ P(M.ZzI'rION _L

(MILLION 1972, $)
1972-78

13.4

1981-90

I12.0

B&CKIK_, 1981 52.2 DAYS

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

EPA: 1984 COST OF CLEAN AIR AND WATER REPORT TO CONGRESS

1984 VALUE-LINE INVF,t'IMENF SURVEY
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Plastics materials (SIC 2821) are organic polymers which can
be molded or formed into many different products with a wide

variety of physical and chemical properties. The largest per-
centage of production in the plastics materials industry (70%) is

dominated by polyvlnyl chloride (PVC), low density polyethylene

(LDPE), and polypropylene (PP). Shipments of plastics (in con-

stant 1972 $) increased from $4.4 billion in 1970 to a peak of

$5.6 billion in 1979; then dropped to $5.0 billion in 1980, $5.2

billion in 1981 and $4.4 billion in 1982, before rising to $4.85
billion in 1983.

Employment in the plastics materials industry has varied

little (less than 1%) during recent years. In 1983, total indus-

try employment in 1983 was 53,600. Only 22% of industry estab-

lishments (87 out of 397) employ less than 20 workers.

Production workers account for about 62% off total industry

employment. The production rate for the plastics materials

industry has risen despite the unchanged employment situation,
with plants producing polypropylene nearing 90% of capacity in

1983, polycarbonate production facilities up to 80% of capacity,

and acrylonitrile-butadlene-styrene plants operating at 85% of

capacity. Since most plastic plants are highly automated the

need for a limited supply of production workers remains constant,

regardless of how close to capacity the plants operate. In

response to a state of overcapacity in 1983, European producers

considered a coordinated reduction in capacity. In the U.S. new

capital expenditures are low in spite of the higher production
rates.

The value of U.S. plastics exports in 1983 fell 6% below the

1982 level as a result of the strong dollar and the slow foreign

market recovery. Although imports rose slightly in 1983, the

U.S. plastics industry is still the main supplier to domestic

markets, with imports accounting for less than 2% of supply.

Figure 7-2 shows that domestic demand is made up of the packaging

7-9



Packaging Industry (27%)

Construction (20%)

Exports (8%)

All Other

Domestic (9%)

Consumer/institution (10%)

Electronics (7%)

Adhesives/Inks (7%)

Machinery (2%)

Furniture (5%)

Transportation (5%)

Source: Bureau Of Industrial Economics,

1984 U.S. Industrial Outlook

Figure 7-2. Breakdown of Plastics

by Various Industries

Consumption
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industry (27%), the building and construction industry (20%), the

consumer and institutional sector (i0%), electronics (7_), and

other domestic markets (28%). Exports account for the other 8%

of total demand. Future growth in the plastics industry will be

contingent upon overall U.S. industrial growth and any change in

petroleum and other material costs (which contribute approxi-

mately 73% of production costs).

Within the man-made fiber industry, noncellulosic fibers

(SIC 2824) contribute 90% of output and employ 80% of the total

workforce. Nylon and polyester make up approximately 80% of

noncelluloslc output. In the cellulosic fiber industry (SIC

2823), rayon and acetate are the major products, comprising 62%

and 38% of industry output, respectively. Between 1972 and 1979,

shipments by both man-made fiber producers, measured in 1972

dollars, increased 80%. From 1979 to 1982 the real value of

shipments decreased 21%, however, in 1983 the value of shipments

(in 1972 $) increased 11% over 1982. Total industry capacity

utilization rates average 66%. The per capita demand for man-

made fibers has decreased 22% in recent years as a result of high

interest rates, the recession, and reduced cotton prices.

Man-made fiber exports (measured in 1972 $) fell 28% from

1982 to 1983, while imports rose 59%, leaving a positive balance

of trade of $646 million, down 38% from 1982 to 1983, while

imports also fell 13%. Noncellulosic fiber exports also declined

by 29% to $161 million. The domestic market for U.S. man-made

fibers is much larger than the export market for these fibers:

Exports comprise 5% of cellulosic shipments; imports comprise

only 2% of all U.S. man-made fiber consumption. However the

rapid decline in the positive balance of trade in 1983 indicates

an alarming rate of market loss.

Employment in cellulosic fibers has also been declining

since 1979, decreasing 6% in 1983. Total employment in noncellu-

loslc fibers decreased 8% from 1982 to 1983.
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Rubber is a curable elastic material. The synthetlc rubber

industry (SIC 2822) consists of 60 production establishments

producing rubber-llke materials and specialty rubber. The four

largest companies produce 60% of industry shipments. The two

largest producing states are Texas and Louisiana, because of

their proximity to raw materials sources, i.e., petroleum refin-

eries. Total industry employment Is small (on the order of

I0,000 employees); half of the 60 production establishments are
staffed by 20 workers or less.

Total industry shipments of synthetic rubber peaked at 6

billion pounds in 1979, declined in 1980 to 5 billion pounds,

declined again in 1982 to 4.5 billion pounds, and then rose to

4.6 billion pounds in 1983. The value of export shipments has

dropped an average of 14% per year since 1981, while the value of

imports has risen only slightly (less than 5% since 1981). Syn-
thetic rubber demand will grow 10% in 1984, while prices for

materials and finished products will also rise. Material costs

for the synthetic rubber industry account for 70% of the value of

shipments.

The main constraints on the synthetic rubber industry growth

are raw materials costs, efficiency of process innovations, and

new materials development costs. At least 60% of synthetic rub-

ber is used to manufacture tires; thus, a large factor in rubber

production is new car production and motor vehicle use.

Competltive Issues Affectln_ the U.S. Plastics and

SFnthetlcs Industry

In general, U.S. plastics and synthetics industry exports

are declining while imports are increasing slowly each year.

This trend is a result of the strong U.S. dollar, as well as the

saturation and sluggish economic condition of foreign markets.

The largest gain in U.S. imports has been in the man-made fibers

industry, which has opened more plants in developing countries,

7-12



with large amounts of raw materials, government subsidies, and

little or no domestic markets for finished products. The largest

amount of this foreign investment activity by U.S. firms has been

in Europe. Conversely, European firms have made heavy invest-

ments in American production facilities. Japan has been invest-

ing in firms in Hong Kong, Korea, Taiwan, and the petroleum-rlch

countries.

Since materials are such a large part of production costs,

the U.S. will find itself competing for the foreign suppliers

with available petroleum reserves. An increasing portion of

petroleum-produclng states are also operating refineries, where

plastics and synthetics are most economically produced. U.S.

plastics materials (SIC 2821) have increased their share of world

markets in recent years, while the U.S. share of the world market

of man-made fibers and synthetic rubber has decreased. Dominant

constraints affecting this industry are summarized in Table 7-5.

Productivity in the Plastics and SFnthetlcs Industr_

The petrochemical industry is one of the most highly energy-

intensive and capital-intensive manufacturing industries. In

1980, in the plastics materials and man-made fibers industries,

material costs accounted for more than 70%; capital costs about

6%; energy costs 5_; and, labor costs 16.5% of production costs.

Industry employment has been gradually decreasing while producti-

vity has increased during the past decade. From 1970 to 1980,

fuel prices increased by 550%, while feedstock prices increased

by a range of 250% to 700%. Economy-of-scale applies to the

plastics materials and synthetics industry, with large plant size

and technologically improved manufacturing processes contributing

to plant competitiveness and efficiency.

Figure 7-3 shows a consistent productivity pattern in the

plastics and synthetics industry among Western European coun-

tries, the U.S. and Japan. The U.S. leads in production as a
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TABLE7-5

DOMINANT CONSTRAINTS AFFFL_I_ THE

PLASTICS AND SYNTHETIC RESINS INDUSTRY (SIC 282)

_ R_QULA__OI_ NUMEROUS CONCERNED WITH HAZARDOUS WASTE AND

WORKER SAFETY: CLEAN AIR AND WATER ACT,
OHSA.

_ m_D _B_;)_CK PRICE3 AVERAGE ENERGY REQU_ FOR PROCESS USE,
BUT EXP_SIVE HYDROCARBON I_]_)STOCKS HAVE

GREATEST EFFECT ON PRODUCT PRICES.

STEADILY DECLINING E_[PLOYMENT DISCOURAGES

JOB S_. SHORT (3 TO 6 MDNTHS) WORKER
TRAINING PERIOD.

mK  'TIVE ES  BLISHPB ADEQUATE FACILITIES AND MANAGE_T COMPE-

TENCE, BUT _ORTAGE OF _RAINED PERSONNEL FOR

MOST ADVANC_ PROCESS CONTROLS EXISTS.

FIsc m STRONG DOLLAR IMPACTS CH_ICAL EXPORTS.

CAPITAL LOW _ RISK AND GOOD P_TE-OF-RET_

FOR _INEERING PLASTICS, HIGH RISK AND LOW
ROI FOH COMMODITY RESINS. CYCLICAL CASH

FLOW IN COMMODITY RESINS.
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Source: OECD, The Chemical Industry, Paris,1978

Figure 7-3. Trends in Production in the Plastics

and Synthetics Industry

TABLE 7-6

GROW_ IN ENGINEERING PLASTICS

1978

1_3IN

ACRYLONITRILE BUTADIFJ?E

STYRENE (ABS)

THERMOPLASTIC POLYESTERS

NYLON (NONFIBER)

POLYCARBONATE

ACETALS

OTHER ENGINEERING RESINS

TUTAL

U.S. PRODUCTION, I000 METRIC TONS

1980 1981 1985 1990

416 441 =7 7 n_,5 ,2_

230 270 415 750

123 132 200 320

I06 111 150 210

40 42 52 68

153 171 240 360

1,0(0 1,167 1,632 2,428

SOURCE: CH]941CAL ENGINEERING, AUGUST 23, 1982.
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result of a wide technological base and its use of domestic feed-

stock. The figure in Table 7-3 illustrates this steady rise of

U.S. productivity (output per employee hour) in the plastics

industry. "Productivity has increased faster in larger firms in

all segments in all countries ,, (Ref. I).

Role of Technolo_ in Lon_-Term Strategic Outlook for Plastics

Materials and SFnthetics IndustrF

The plastics materials and synthetics industry has matured

in llne with the growing international control of production and

sales following a virtual U.S. monopoly on these products at the

end of the WWII. Demand will continue to rise for plastics that

replace conventional materials (brick, wood, metal) and for engi-

neering plastics (such as copolymers, blends of polymers, and

composites) with high strength, excellent electrical characteris-

tics, resistance to wear, impact, corrosion, and high temperature

properties. Projected growth in engineering plastics is summa-

rized in Table 7-6. Increases in automobile production and tra-

vel, building, electronic component manufacturing, packaging, and

apparel manufacturing will all contribute to this growth of the

plastics materials and synthetics industry in the short and long

term. For these reasons, this subdivision of "Chemicals and

Allied Products" is identified as a "sunrise" industry.

If the 1983 economic pace is maintained, plastic materials

(SIC 2821) shipments, measured in 1972 dollars, are expected to

rise 7% in 1984. Shipments are expected to continue to rise at

an average annual rate of 5 to 6% throughout the 1980s. Higher

operating rates for plants are expected to increase this indus-

try's profitability. U.S. plastic production may reach 55 bil-

lion pounds by 1987. The high cost of R&D may slow growth

trends, but innovation will yield higher productivity. Foreign

plastics producers with favorable raw materials reserves, how-

ever, will cut into foreign markets, and may affect domestic

markets as imports grow in importance. "The future of commodity
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plastics, which make up 70% of total plastics production, may be
affected by foreign competition " (Ref. 2).

The man-made fibers industry (SIC 2823-2824) has witnessed

several growth trends in technology. The first trend was ini-
tiated in the 1940s with the development of new, man-made fibers

(e.g., polyester). The second trend, beginning in the 1960s and

continuing into the 1970s, was characterized by the larger role

assigned to equipment manufacturers in developing new and faster
production technologies. This era saw the U.S. lose some of its

role as major industry leader as equipment manufacturers sold

their technological advances.

Composite plastics, especially plastics bonded with other

materials to improve their structural strength without adding to

their weight, are expected to be a key area for R&D as the vari-

ety of their applications grows. Carbon fiber, produced by sub-

Jecting petrochemical-based fibers to intense heat, will be

applied increasingly to new composite manufacturing as economies

of scale warrant their use. Carbon fiber prices have dropped

about 93% from 1971 to $30 per pound in 1981. The production

capacity of carbon fiber in the western developed countries will

quadruple to 12 million pounds per year during 1981-1985, with

half of this capacity increase occurring in the U.S. (Ref. 3).

The use of polymer composites in airframe production is estimated

to range from 7% to 65% by the year 2000, with 30% considered

conservative. NASA estimates that if this reduces the weight of

a plane by 12%, operating cost savings of 6% should result.

Moreover, petrochemical-based composites are cheaper than metal

matrix composites, and, the ability to mold these composites into

complex shapes using lower amounts of energy than sheet-metal

forming is making them increasingly competitive despite their

high cost. One current estimate projects that by 1990 engineer-

ing plastics will have a 23% cost advantage over aluminum, and a

48% advantage over zinc (Ref. 4).
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The oll crunch in the 1970s ushered in the third trend in

man-made fiber production technology, characterized by a reduc-
tion in production costs by lowering energy requirements and more

efficiently utilizing feedstock. The current trend will see the

emphasis once again on product innovation; although no major,
totally new fibers will be developed in the future, combinations

of existing fibers and better value fibers (such as Gortex and
hydrophillc plastics) will be produced. Most of this innovative

technology will be produced by the major fiber firms rather than
by equipment manufacturers (Ref. 5).

The synthetic rubber industry (SIC 2822) shows the least

promise for continued growth. Rapid increases in prices of crude
oil and other fuels will reduce the demand for synthetic rubbers

by the automobile industry, and lead to energy saving measures
within the subdivision. Thus, while exports and imports will
rise slightly in the immediate future, market saturation is fore-

casted, and quantitative growth Inpounds shipped by the industry
will be low.

Technological advances in coal gasification should improve
the outlook for domestic feedstock production and reduced mate-
rials costs.

Table 7-7 summarizes technological issues, emerging tech-

nologies, and technological impacts on the plastics and syn-
thetics industry.

Summary

The plastics materials and synthetics manufacturing subdivi-

sion is a sunrise industry. Demand for this subdivlsion's pro-

ducts shows great promise for continued, steady growth. The
primary constraint affecting the growth of this subdivision is

expenslve feedstock prices. Government regulations also tend to

lower the profitability of new products, but these have a greater
impact on feedstock suppliers.
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There are several leapfrog technologies that may enable this

industry to develop faster than forecasted. For example, this

industry is a major source of advanced materials, as well as

custom multiproperty materials such as engineering plastics.

Although some mention was made o£ the variety of applications

available for advanced materials, these applications that have

not been determined or developed yet. The development of custom

multlproperty materials should help to replace strategic mate-

rials with more plentiful products. Biotechnology Is another

leapfrog technology that may enhance productivity in this indus-

try. Finally, information rationalization would aid manufac-

turers as well as customers in selecting the most suitable

material with the most desirable properties.

B.7.2 DRUGS (SIC 283)

This subdivision consists of establishments engaged

primarily in the manufacture of medicinal and botanical chemi-

cals, pharmaceutical preparations, and biological compounds.

Major revenue sources include vaccines, serums, antibiotics,

vitamins, and over the counter (OTC) pharmaceutical preparations.

Pharmaceutical preparations (SIC 2834) is the largest indus-

try in this subdivision, accounting for approximately 80% of

added value, 80% of 1983 industry shipments, and employing 77% of

all drug industry employees. Small companies (less than 20

employees) account for over 60% of the industry establishments.

The four largest companies account for 24% of industry shipments.

Pharmaceutical exports in 1983 were valued at $709 million,

26% above the 1982 value; while imports were valued at $78.2

million, a 92% increase. The increase in imports reversed the

declining trend that began in 1979. The positive balance of

trade in the industry climbed from $522 million in 1982 to $613

million in 1983.
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The pharmaceuticals industry has introduced 70 new prescrip-

tion drugs to the market since 1977. However, the number of

prescriptions has risen only moderately, because of higher drug

prices, the severe acceptance requirements by the Food and Drug

Administration, and the fact that 125 prescription drugs have

been given a proprietary (OTC) status. Proprietary drugs include

cough and cold relievers, vitamins, first aid preparations, ant-

acids, and laxatives; the leading prescription drugs are the

various antibiotics. "Sales of 0TC drugs increased Ii% in 1982

to $5.5 billion, because of trends towards more self-medlcation,

more promotional education of consumers, new multi-symptom pro-

ducts, and more products being switched from prescription to

proprietary status."(Ref. 6).

The medicinals and botanicals industry (SIC 2833) is domi-

nated by its four largest companies, which accounted for 65% of

industry shipments in 1983. Exports in 1983 were valued at $1.36

billion, up 6% from 1982; imports rose 11% to $I.12 billion.

Since 1981, the positive balance of trade in the industry has

decreased 12% yearly to the current level of $241 million.

The current dollar values of medicated feed additives in

this industry increased slightly in 1983, while the actual number

of shipments decreased. With the use of antibiotics in feed

under review by U.S. regulatory agencies, chemical companies are

hesitant to develop new products. As a result, the use of

antibiotics in feed decreased 10% during 1982. "Of 35 new drug

entities available in Europe for use in animal feed, none is

permitted for use in the United States" (Ref. 7).

The biologicals industry (SIC 2831) exports were valued at

$470 million during 1983, 4% above 1982 values, while imports

increased 20% to $40.6 million. With vacclne-produclng firms in

the U.S. reduced to five, advanced immunization techniques and

continued worldwide demand for new vaccines will foster competi-

tion within the biologicals industry.
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Tables 7-8 and 7-9 detail the business and structural pro-

files respectively of the drug industry. Table 7-8 shows that

drug industry shipments, expressed in constant 1972 dollars, have

increased nearly 63% in the eleven year period from 1972 to 1983.

The net income of the drug industry was approximately 13% of net

sales during 1982 and 1983, up from 10.9% in 1981. Despite the

increased shipments, sales by major U.S. pharmaceutical firms, as

a proportion of the world market, have decreased from 61% in 1959

to less than 35% in the 1980s.

The growth rate in U.S. drug industry employment has been

leveling off during the last decade. The yearly employment

growth rate for the first six years of the previous decade was

3.6%; from 1979 to 1981 it was 2%; since 1981 it has been approx-

imately 0.2%.

The U.S. drug industry is constrained significantly by regu-

lations imposed by the Food and Drug Administration (FDA). "The

detail and pervasiveness of regulation in the U.S. are almost

unique, both in comparison with U.S. regulations of other indus-

tries, and with foreign regulation of pharmaceutical markets"

(Ref. 8). The legislative bases for pharmaceutical drugs are

regulated in conjunction with the Food and Drug Act (1906), the

Federal Food, Drug, and Cosmetic Act (1938), and the Kefauver-

Harris Drug Amendment (1962). Congress and its constituents also

control the introduction of new drugs, through antitrust poll-

cies, time-consumlng patent approval requirements, and cumbersome

and risky liability regimes for consumer product claims.

Finally, FDA expectations and requirements for volume and quality

of testing increase as the safety and efficiency of testing pro-

cedures improve.

In August 1962, the FDA established procedures for investi-

gational new drugs (IND). The Kefauver-Harris Amendment Was

passed to facilitate the application of these procedures; its

central provisions are:
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TABLE 7-8

BUSINESS PROFILE OF THE

DRUG INDUSTRY (SIC 283)

(BILLION $)

1972 &

1972 1979 1981 1983

8".0 17.3 2-_.3

8.0 11.6 12.4 13.0

1982 EST.

28.6

13.5

(THOUSANDS )
Index 1977 -- 100

129.9 163.1 169.7 170.5 170.7

80
Output Per Employee Hour

60

40

20

o J
1958 1962 1966

Source: Unpublished BL$ Data

1970 1974 1978 1982

Cal)_C1"rf _ %

_[]_wlTII_IIM#_']_I_ES, 1981
BILLION $

N_)IAN _ BI_I_H_NI, 1983, %

N_ C.APITAL EII_I'I'J_, 1981
BIhLION $

1983

3.17

12.6

1.05

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

ARTHUR D. LIqTLE, INC.
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TABLE 7-9

STNUCI'JRAL PROFII/_ OF THE

DRUG INDUSTRY (SIC 283)

I_-'T_I,.ISII_w'_ (1977)
(CATECK)NIZI_ BY NO.

OF _PLOYI_)

SMALL (<20)
_IATE

(20-1000)

LARGE (>i000)

TOTAL

(1058 COMPANIES)

_O_ (X]BT

DI_mu_rION, 1980

761
446

36

1243

MI_. IAB(_

LEADINO _ (1983)

NAME

AMERICAN HOME PRODUCTS

WARNER LAMBERT
AMERICAN CYANAMID

PFIZER

MERCK

ELI LILLY

ABBOT LABS

SALES

(BILLION $)

4.07

3.5
3.45
2.74

2.73

2.55

2.03

TOTAL 21.07

OTHER

LABOR MATERIALS ENERGY CAPITAL

26.8% 11.7% 51.5% 3.0% 7.1%

__ lq[)I)EOF PB(X:ESSINO BATCH

RAD __, 1979
BILLION $ 1.4

SOURCES: U.S. DOC/BIE: U.S. 1984 INDUSTRIAL 0UTIXX)K

ARTHUR D. LITPLE, INC.
1984 VALUE-LINE _ SURVEY
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IND effectiveness must be demonstrated through "ade-

quate and well-controlled investigations" prior to FDA

approval.

The FDA must monitor IND studies on humans through a

Notice of Claimed Investigational Exemption, which, if

vetoed, halts human testing.

No automatic approval of a drug is possible after 90

days, as was common prior to 1962: The FDA must

affirmatively approve a New Drug Application. (Ref. 9)

The following adjuncts to the Kefauver-Harris Amendment were

added to regulate manufacturing practices:

Preclinical guidelines for toxicity testing (1968);

Regulations which specify the requirements for "well

controlled investigations" to produce "substantial

evidence" of the efficacy of IND (1970);

30 day delay for initiation of human testing of IND

(1970);

Expanded requirements for manufacturing and quality

control (1972);

• Freedom of Information Act regulations (1975); and,

The establishment of improved lab practice guidelines

(1978).

These regulations have led to the increased cost of drug

development because of the large outlays required to achieve

successful R&D, and the additional delay in the payoff time for
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successful innovation. The current cost estimate for the devel-

opment of a new drug, from conception to marketing, is $85 mil-

llon; thus, the drug industry is compelled to undertake extensive

pretesting and prudent selectivity prior to developing a new
drug.

Dominant constraints affecting the drug industry are summa-
rized in Table 7-10.

The regulation process in other countries is generally more
flexible and prompt. Listed below are approximate mean times,

for various countries, between an application for a new drug and
its actual marketing (Ref. i0).

COUNTRY

MEAN APPLICATION

PROCESSING TIME

U.K. 5 months

Canada 16 months

Norway 17 months

U.S. 23 months

Sweden 28 months

The following distinctions between U.S. and foreign pharma-

ceutical regulation procedures were noted in a 1980 General

Accounting Office report:

Foreign governments typically make frequent use of

expert committees, some of which have sole responsibil-

ity for a new drug approval; by comparison, new drug

applications are not submitted to FDA committees.

Foreign governments tend to accept foreign data,

depending on the source; the FDA traditionally disavows

foreign data, using instead duplicate data as a basis

for new drug application approval.

7-26



TABLE7-10

DObtINANT CONSTRAINTS AFFEffrING THE

DRUG INDUSTRY (SIC 283)

BBS__ATIONS PRIMARILY CONCERNED WITH NEW DRUG _NTITY

APPROVAL. FDA APPROVAL ADDS rid DEVELOPMENT

COSTS.

WJ_ AND _ (X]6'_ LOW OR MODF_ REQUIR_ HAVE MINOR IMPACT ON

COMPETITIVENESS OF PRODUCT.

PRODUCTI_ ESTP_T_IIBIT ADEQUATE FACILITIES AND MANAG_V_NT COMPETENCE.
LIMITED SUPPLY OF BIOCH]_4ISTRY MAJORS FOR WORKER

REPLACemeNT.

WSC ARY STRONG DOLLAR HAS SLIGHT IMPACT ON EXPORT

STRENGTH.

C_PITAL SIGNIFICANT INVEST_ RISK ($85 MILLION FOR EACH

N_ DRUG _NTITY) (IV-ERLONG R&D, AND FDA APPROVAL

PERIOD, BUT HIGH RATE OF RETURN FOR UNIQUE
INNOVATIONS. CONSTANT CASH FLOW REQUIRED.
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The drug approval process is less politicized in for-

eign countries; congressional and consumer scrutiny

tends to slow this process in the U.S.

Foreign governments foster cooperation between

regulators and industry; the FDA favors an adversary

relationship with industry, which compounds the commun-

ications problems associated with antitrust legislation

(Ref. Ii).

Competitive Issues Affectin_ the Dru_ Industry

In 1983, the U.S. drug industry accounted for 24% (approxi-

mately $74 billion) of the world's total shipments of prescrip-

tion and proprietary drugs. The U.S. drug industry has main-

tained a positive balance of trade, estimated at $1.3 billion in

1983. U.S. pharmaceuticals sell well in foreign countries: some

U.S. firms realize 40% to 50% of corporate sales from foreign

subsidiaries. In addition, U.S. patent laws and FDA regulations

have contributed to the good reputation abroad enjoyed by U.S.

firms for product safety and efficacy.

The status of the U.S. drug industry, on the basis of

accepted economic measures such as rates-of-return, is more dif-

ficult to assess. Because of the lengthy time span between pro-

duct conception and marketing, the rate-of-return for the U.S.

drug industry is a summary measure of past corporate performance,

not an indicator of future industrial strength. A better measure

of the industry strength is the extent and vitality of its R&D

programs, particularly its research programs. The U.S. govern-

ment expends more money on drug research than all other combined

sources, both industrial and governmental, in the western devel-

oped nations. For instance, in 1972 the U.S. government spent

$2.2 billion on drug research (or 53% of worldwide research

expenditures); for the same year U.S. industry contributed 14% of

these worldwide drug research expenditures. The U.S. proportion
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of drug research articles written in 1977 was: 43% in clinical

medicine, 39% in biomedicine, and 22_ in chemistry. Although

these U.S. expenditures for drug and pharmaceutical research at

home and abroad are large and growing (by i.i_ per year), foreign

research is beginning to outstrip American efforts.

This declining U.S. performance in pharmaceutical R&D can be

attributed to non-tariff trade barriers in foreign countries and

incentives and subsidies offered by foreign governments to indus-

tries that promote R&D. For example, in Japan a corporate tax

credit of 20_ is given to industries whose R&D expenditures from

the previous year exceeded expenditures for any year since 1967.

France and England have non-tarlff barriers which exclude the

sale of certain drugs manufactured outside of their borders, thus

promoting native research, development and manufacturing efforts.

FDA regulations, by contrast, serve as non-tariff barriers on

exports and domestic products.

The relative position, worldwide, of the U.S. drug and phar-

maceuticals industry is eroding. Imports rose 14.3_ and exports

by only I0.5% in 1983. At the same time consumer demands have

grown more rapidly in foreign pharmaceutical markets vis-a-vis

markets in the U.S., as indicated in Table 7-ii. The restrictive

non-tariff barriers set up by foreign governments prevent U.S.

exports from being sold in their markets. While large U.S.

industries entered these markets through their association with

multinational corporations, smaller U.S. firms with limited

resources are excluded from these markets, and are thus forced to

cope with the slow expansion of the U.S. domestic market.

The decline in the U.S. percentage of annual world pharma-

ceutical production is illustrated in Table 7-12. The superior

performances of Western Europe and Japan are shown in Figure 7-4.
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TABLE 7-11

DOMESTIC PHARMACEUTICAL SALES _MONG

SELEOI'hD COUNTRIES (MILLIONS OF CURRENT $)

U.So

JAPAN

F.R. GERMANY

FRANCE

ITALY

SPAIN

U.K.

1965 1970 1975 GROWI'g (%)

3,121 4,701 7,387 9

1,298 2,975 6,402 17

742 1,408 3,952 18

967 1,207 2,731 Ii

514 920 2,181 16

236 597 1,652 21

300 408 815 i0

N(_:

SOURCES:

GROWTH FIGURE IS ANNUAL PERCENTAGE (ROWTH RATE. SALES ARE APPARENT

CONSUMPTION (PRODUCTION PLUS IMPORTS MINUS EXPORTS) EXCEPT FOR U.S.
AND U.K.

U.S. PMA, PRESCRIPTION [RUG INDUSTRY FACTBOOK, PMA, WASHINGTON,
D.C., 1976

ABPI, ANNUAL FZPORT, LONDON, VARIOUS YEARS.

TABLE 7-12

PERCENT ANNUAL WORLD PRODUCTION OF PHARMACEUTICAL PRODUCTS t
1968-1978

1968 1970 1972 1974 1976 1978

U.S. _.0 _.0 _.0 _.0 _.0 _.0

JAPAN 13.0 14.5 14.5 16.0 16.0 20.0

F.R. GERMANY 8.5 9.0 I0.0 10.5 i0.0 i0.0

FRANCE 6.0 5.5 6.0 6.5 6.5 6.5

U.K. 6.0 5.5 5-5 5.5 5.0 5.5

ITALY 5.0 4.5 4.5 5.5 5.0 4.5

_ITZERLAND 2.0 2.0 2.0 2.5 2.5 3.0

OTHERS 21.5 24.0 24.5 24.5 25.0 23.5

SOURCE: BUNDESW]RBAND DER PHARMAZEUTISCHEN INDUSTRIE, PHARMA JAHRESBERICHT,

BPI, FRANKFURT, VARIOUS YEARS.
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Figure 7-4. Trends in Production in the Drug Products Industry
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Productivity in the Drug IndustrF

The majority of drug production cost (52%) was spent on

materials (chemical feedstocks) in 1980; these costs are not

expected to decrease, because of the lack of domestic sources of

raw materials. The next largest portion of production cost (38%)

was spent on labor, because of the labor-lntensive nature of this

industry. A high proportion of drugs is manufactured in small

batch processes, which require a set number of employees no mat-

ter how low production rates are. Increases in demand for fin-

ished drug and pharmaceutical products force plants to operate

closer to full capacity, which leads to increased productivity.

The figure in Table 7-8, drawn from unpublished BLS data, shows

that the labor productivity (output per employee hour) in the

U.S. drug industry has been rising steadily over the past two

decades, except for the slight leveling off trend that began in

1977.

However, as was previously indicated, imports of drugs to

the U.S. are increasing due to a lack of U.S. R&D and the over-

valuation of U.S currency. According to a National Academy of

Engineering report, the U.S. drug industry has been losing its

world leadership principally because of a declining number of new

drugs under development.

In response to this situation, the U.S. is expanding its R&D

efforts at home and abroad. However, since the cost of develop-

ing and marketing drugs in a competitive marketplace will con-

tinue to rise 5_ per year, fewer drugs that treat the same Ill-

ness are being developed, and more unique drugs will eventually

become available. In addition, the greater emphasis on self-

treatment will lead to a continued increase in OTC drug produc-

tion.
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Role of Technology in Long-term Strategic Outlook for the

Drug Industry

All of the industries within the drug industry subdivision

are growing, along with an attendant rise in employment. The

value of biologlcals shipments is forecasted to increase 5_

yearly during the next decade. The leading product in the bio-

logicals industry, diagnostic tests, will be faster, more effi-

cient, and less costly; new oral vaccines will contribute to the

profits of blologlcals. The value of medlclnals will increase

4.3% per year through 1988, with the introduction of new drugs

for antlvlral and antlcancer chemotherapies. The demand for

prescription and proprietary drugs will increase by 3.4% in value

through 1988. In two-thlrds of all visits to a physician a pre-

scription is issued, and a shift in emphasis from surgery to drug

treatment has been evident in recent years. In addition, since

the drug industry shows the most profit per dollar of sales

(13.1_/$) of all nondurables, funds for R&D have been increasing

substantial (by 20% from 1982 to 1983). "Worldwide sales of

pharmaceuticals, estimated at $66 billion in 1980, are expected

to climb to $100 billion (1980 $) by 1990" (Ref. 12). Therefore,

the drug industry is identified as a "sunrise" industry.

Key technological advances in the drug industry are being

targeted to raise plant efficiency by increasing production

rates, reducing feedstock waste, improving process yields, lower-

ing energy consumption, enhancing new chemical separation and

water removal techniques, and tightening process controls through

the application of computer-alded manufacturing (CAM) technol-

ogies. Biotechnology promises to produce new products and inno-

vative processes. CAM systems, coupled with newer and more accu-

rate instrumentation and faster machinery, facilitate increased

productivity, and higher profitability. R&D of new chemicals and

new technologies will be accelerated in the near future. Remote

sensing instrumentation, developed for the space program, will be

applied to process control. The high cost of material will lead
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to the development of new sources of feedstock from domestic raw
materials. Continuous production techniques such as enzymatic

reactors could significantly streamline production methods.

Examples of emerging technologies that will have an impact on the

drug industry are listed In Table 7-13.

Summar_

The drug industry Is identified as a sunrise subdivision.

Steady growth is expected as consumers buy more OTC drugs. There

Is always a market for truly unique innovations, especially those

developed to treat illnesses or conditions for which there are no

drug entities, or for which the current product has unfavorable

slde-effects. Investment risks are hlgh for new products, but

the return-on-lnvestment Is the highest of all nondurable pro-

ducts.

Potential leapfrog technologies applicable to the drug chem-

icals industry are blotechnology and information rationalization.

Blotechnology may enable the streamlining of the production pro-

cess as well as providing for a more diverse base of feedstocks.

Information rationalization techniques that are best suited for

this industry's needs are extensive medical databases for optimum

selection of treatment and expert systems that wlll grow more

precise for aiding In diagnosis and prescribing treatments. A

pharmaceuticals database and an expert system for optimizing the

production and registration process from conception to marketing

by identifying the critical path(s) are conceivable goals that

have the potential to reduce manpower needs for innovation, pro-

duction, and marketing.

B.7.3 INDUSTRIAL ORGANIC CHEMICALS (SIC 286)

Thls subdivision, consisting of establishments engaged In

the manufacture of industrial organic chemicals, includes noncy-

cllc organic chemicals and their metallic salts, solvents, poly-
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hydrlc alcohols, synthetic perfume and flavoring materials, rub-
ber processing chemicals (both cyclic and acyclic), cyclic and

acycllc plastlclzers, synthetic tanning agents, chemical warfare

gases, esters, amines, etc. of polyhydrlc alcohols and fatty
acids, cyclic crudes and intermediates, cyclic dyes and organic

pigments, and natural gum and wood chemicals. Organic chemicals
are defined as compounds of carbon. They are divided into two

categories based on their chemical structure: cyclic or aromatic
organic compounds (SIC 2865), and acycllc or allphatlc organic

compounds (SIC 2869). The major large volume cyclic petrochemi-

cals are benzene, toluene, and xylene; major large volume acycllc

petrochemicals are ethylene, propylene, and butadiene. Acycllc

industrial organic chemicals are further classified as primary

and intermediate petrochemical materials. Primary compounds are

the first stage of petrochemicals produced directly from feed-

stock hydrocarbons; these are used mainly for the production of

organic, intermediate chemicals. Additional industrial organic
chemicals that are produced from wood distillation product feed-

stock are categorized under Gum and Wood Chemicals (SIC 2861).

Acycllc Organic Chemicals NEC (SIC 2869) represent the larg-
est industry within the industrial organic chemicals subdivision,
in terms of value of shipments and total employment. In 1983,

this industry employed about 78% of the total work force and

accounted for approximately 82% of the value of industry ship-

ments, 84% of the value added, 73% of the value of industry

exports, and 46% of the value of industry imports within the

industrial organic chemical subdivision. The value of industry
shipments, in constant 1972 dollars, increased steadily from 1970

to 1981 (except for a plateau reached in the late 1970s, reflect-

ing a similar trend in fuel and feedstock prices) at an average

annual rate of 3%, decreased by 5% In 1982, rebounded to a 4.2%

increase In 1983, and is projected to increase by 9% in 1984.

Cyclic organic chemicals (SIC 2865) are the second largest

subgroup of industrial organic chemicals (SIC 286). In 1983, the
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cyclic crudes and intermediate chemicals industry employed 25,700

workers, or 19.1% of the total industrial organics workforce.

During that same year, cyclic organic chemicals accounted for 14%
of the value of industrial organics shipments, 16% of value

added, 25% of the value of industry exports, and 52% of the value

of industry imports. The growth rate in the industry shipment

value of cyclic crudes and intermediate chemicals has followed
the same trend as acyclic chemicals. The average yearly growth

rate from 1970 to 1981 was 2.5%, followed by a 12.1% decline in
1982 and a 1.4% increase in 1983. The predicted growth rate from

1983 to 1984 is 5.5%. The rise in value of shipments is a
reflection of the rise in the cost of hydrocarbon feedstocks

(especially petroleum).

The gum and wood chemicals industry (SIC 2861) currently

employs 3.3% of the industrial organics workforce and accounts
for 4.2% of industry shipments. This subgroup produces 1.7% of

industrial organics industry exports, and takes in 1.2% of indus-

try imports. The constant-dollar value of shipments by the gum
and wood chemicals industry increased by 2% in 1983 after a drop

of 10% in 1982. This industry consists of I00 companies operat-

ing 119 establishments, only 35 of which employ 20 or more

employees. The negligible contribution of this industry may be
attributed to the fact that it must compete with synthetic mate-

rials produced in greater quantities by the petrochemical indus-

try.

Tables 7-14 and 7-15 detail the business and structural

profiles respectively of the industrial organic chemical indus-

try. Table 7-14 shows that the value of industry shipments rose

steadily from 1972 to 1979, then fluctuated from 1980 to 1983.

Employment has decreased about 3% per year since 1979. The

period from 1979 to 1980 witnessed a pronounced increase in the
quantity of U.S. exports of cyclic and acyclic organic chemicals,
which resulted from the availability of low-prlced feedstock in

the U.S. (due to U.S. price controls and a weak U.S. dollar).
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TABI_..7-14

BUSINESS PROFILE OF THE INDUSTRIAL ORGANIC

CHEMICALS INDUSTRY (SIC 286)

(BILLION $) 1972 1977 1979 1981 1982 1983 1984 EST.

$ _ -_ _ _r_ _ _ 44.8
1972 $ 11.6 13.7 14.3 13.4 12.5 13.0 14.1

TOTAL I_MM/)]_f

(THOUSANDS) 136.5 152.8 151.8 147.5 N/A 134.5 141.4

Index 1877 _ 100

t
100--

80 Output Per

eO -- _ Output

o I

Source: _ mL.8 Da_

1981 (BILLION $)

I I I I
1966 1970 1974 1978 1882

1981

63
1983 (1S'tQUa)

3.3

SOURCE: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL O_K

ARTHUR D. LITIX_E, INC.
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TABLE 7-15

STRUCI'JRAL PROFILE OF THE INDUSTRIAL ORGANIC

CHEMICALS INDUSTRY (SIC 286)

(1977)

(CATEGORIZED BY NO.

OF EMPLOYEES)

SMALL (<20)
nVnmMEDIATE (20-1000)
LARGE (>1000)

369
478
32

TOTAL 879

(623 COMPANIES)

OTHER

__ C_ MFG. L_BOR LABOR

_ON 1980 8.9% 74.0%

_'gAKJ_T _ (]P PRD(_SSIMG

F.&D EKI_I'_

1979 (BILLION $)

L_DING _ (1983)
NAME

UNION CARBIDE

DOW CH_41CAL
GLANESE

HOOKER CHemICAL

KOPP_R CO.
WITCO CHEMICAL

SALES (BILLION $)

9.99

9.25
3.14

2.54

1.92

1.72

TOTAL 28.56

MATERIALS

67.0%

I_Y

7.6%

CAPITAL

12.6%

CONTINUOUS

2.018

SOURCE: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

ARTHUR D. LITTLE, INC.
1984 VALUE-LINE INVESTMENT SURVEY

TABLE i7--1U

DOMINANT CONSTRAINTS AFFF_L_ING THE

INDUSTRIAL ORGANIC CHEMICALS INDUSTRY (SIC 286)

00_ _R][ATI(]NS

AND F_STDGK PRIC_S

__m_ KaXO-L

CAPITAL

MAINLY ENVIRONMENTAL POLICIES (CLEAN AIR ACT,
OSHA) REGULATING POLLUTION E_LISSIONS.

AVERAGE _-ERGY REQU_S FOR PROCESS USE, BUT
A HIGH D_4AND FOR EXPENSIVE HYDROCARBON FEED-

STOCKS EXISTS.

DECLINING HNPLOYMENT DISCOURAGES JOB SEEKERS.

SHORT (3-6 MONTHS) TRAINING PERIOD.

STRONG DOLLAR IMPACTS EXPORTS.

SIGNIFICANT INVESMENT RISK WITH LIMITED RATE OF

RETURN. CYCLICAL CASH FLOW.
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U.S. trade in industrial organic chemicals is competively

vulnerable to government subsidized industries in developing

countries, which can set prices below profitable levels, espe-

cially if these countries have domestic feedstock and fuel

sources. Thus, prior to the introduction of U.S. price controls,
fuel and feedstock prices skyrocketed during the 1970s, which

accelerated the rising cost of cyclic and acyclic chemicals:

"... the price of natural gas and distillate fuel oil, used as

energy sources, increased by more than 550%. During this same

period, propane and naptha feedstock prices increased by more

than 700%. Also during this period, primary acyclic organic

chemical prices rose 420%, while the price of cyclic organic

intermediates increased by 250%" (Ref. 13).

Industrial organic chemicals are mainly derived from petro-

chemicals. The petrochemical industry is one of the most highly

regulated in the U.S. Laws governing the petrochemical industry

include the National Environmental Policy Act, the Toxic

Substance Control Act of 1976, the Resource Conservation and

Recovery Act of 1976, the Occupational Safety, and Health Act of

1970, the Clean Air Act, the Clean Water Act, and the Comprehen-

sive Environmental Response Compensation Liability Act of 1980

(known as the superfund). These laws have helped improve plant

efficiency in the U.S. petrochemical industry by requiring the

installation of environmentally-sound processing equipment. The

impact of the Toxic Substance Control Act is minimal on primary

and intermediate chemical producers since no new discoveries are

predicted in this area; however, new downstream and specialty

products may be affected by this regulation.

Dominant constraints affecting the industrial organic chemi-

cals industry are summarized in Table 7-16.

7-40



Competitive Issues Affectln_ the Industrial Or_anlc Chemicals

Industry (SIC 286)

Foreign trade in organic chemicals in 1983 was affected by

the continued poor market conditions overseas and the strong

position of the U.S. dollar in relation to foreign currency.

U.S. exports of organic chemicals declined 11% in 1983, while

imports rose 24%. The U.S. positive balance of trade in organic

chemicals fell 35% from 1981 to 1983 to a value of $2.8 billion.

Japan and Western Europe are currently the primary competi-

tors and trading partners in organic chemicals with the U.S.

During the 1960s and 1970s, international interdependency of

world organic chemical industries developed as a result of low

fuel and feedstock prices, rising demand, and lack of government

interference in petrochemical industry strategy planning. This

climate is rapidly changing as countries reassess their positions

on natural resource exploitation and management, the role of the

petrochemical industry in their industrial base, the perceived

need for self-sufflclency in certain industries, and the role of

exports in national economies (Ref. 14). The U.S. organic chemi-

cals industry may find itself competing with government

subsidized industries, or industries with more favorable

natural resource reserves.

Japan has developed a comprehensive program to make its

organic chemicals industry more competitive. The scope of this

strategy entails:

replacing old plants with larger and more advanced

facilities;

reducing unneeded basic chemical capacity (including

primary and intermediate organics) in order to shift

resources to the specialty chemical area;
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developing relationships with fuel and feedstock sup-
pliers in exchange for Japanese technology;

developing R&D efforts to apply sophisticated technol-

ogy to new feedstock sources and to the production of

hlgh-value specialty chemical products;

developing a strong business/government relationship
sponsored by Japan's Ministry of International Trade
and Industry (MITI);

encouraging the direct financial support of R&D pro-
grams by the Japanese government; and,

initiating a policy of government-sponsored financial

support of major international Joint ventures in

organic chemical development (Ref. 15).

This comprehensive Joint program by Japan's industry and

government is expected to make its petrochemical industry very
competitive with the U.S. industry in Asian markets, and, in the
long term, in U.S. domestic markets.

The competitive posture of the U.S. petrochemicals industry

should not be affected by its compliance with health, safety, and

environmental regulations. Most foreign competitors must comply

with similar regulations; new plants in many developing nations

have already incorporated state-of-the-art technology to increase
environmental and production efficiency.

U.S. R&D interest in the chemicals and allied products

industry has shifted away from primary and intermediate chemicals

to downstream products. For example, the goal of catalyst

research is to reduce production costs by reducing temperature,

pressure requirements, and reaction times. The goal of blotech-

nology research is the development of blocatalysts for producing
organic chemicals.
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"Annual R&D expenditures in the chemicals and allied pro-
ducts industry during 1972-1979 increased by more than 28% (in
constant dollars) as opposed to an 18% increase for all U.S.

industry', (Ref. 16). U.S. research in this industry accounted

for 15% of all industry R&D expenditures for 1981 (although this
industry accounted for only 2% of the GNP) (Ref. 17). The
private sector contributed 90% of these research funds.

The world price of fuels and feedstocks affects the profit-
ability of U.S., European, and Japanese chemical industries.

Natural gas, a key petrochemical feedstock, is difficult to

transport without large capital outlays for equipment. Cur-

rently, refineries in oil-rich developing countries are flaring

their natural gas. For countries like Saudl Arabia, the effec-

tive cost of supplying feedstocks for their organic chemicals

industry is essentially determined by the cost of installing a
natural gas gathering system (Ref. 18).

A competitive edge in the petrochemical industry must be

attributed to Saudi Arabia, given their high capital expenditures

and fierce national pride. However, Joint economic ventures by
western firms, in cooperation with governments in other hydrocar-

bon-rich developing countries (such as Mexico, Indonesia, and the

Persian Gulf states), are also bringing new competitive petro-
chemical industries on line.

Future competition in the industrial organic chemicals

industry will be among hydrocarbon-rlch developing countries.

The production of major commodity petrochemicals in these hydro-
carbon-rlch countries, in 1982, equalled about i0_ of combined

U.S. European, and Japanese production; by 1990, this figure may

reach 25% (Ref. 19). Beyond 1990, only limitations on time and

capital will dictate the market share of hydrocarbon-rich coun-
tries.
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Productivity in the Industrial Or_anlc Chemicals

Industry (SIC 286)

The figure in Table 7-14, drawn from unpublished BLS data,

shows that productivity (output per employee hour) in the U.S.

industrial organic chemicals industry rose steadily, at an aver-

age rate of about 4.5% per year, from 1958 to 1973. From 1973 to

1975, the industry experienced a 22% decline in productivity as a

result of the first U.S. gasoline "crisis." From 1975 to 1979,

the industry then re-established its 1973 productivity levels.

Between 1979 and 1980, the productivity once again fell 11% as a

result of the worldwide recession. It should be noted that these

productivity levels follow the same pattern as industry output;

productivity drops when petrochemical plants are not running at

or near full capacity because of the constant minimum staff

requirements.

Materials costs account for approximately 67% of U.S. indus-

trial organics production costs; energy costs amount to an addi-

tional 7.6%. However, the U.S. is the third largest producer of

natural gas and has a domestic fuel and feestock supply. In

Japanese and Western European industrial organics industries,

materials account for an even larger proportion of production

costs. By comparison, industries in hydrocarbon-rlch countries

can make their products more cheaply because of lower material

costs.

Industrial organics is the most capltal-lntensive industry

in the chemicals and allied products subsector; capital costs

amount to 12.6% of production cost, while labor amounts to 12.9%.

Capital is spent to increase plant efficiency (for compliance

with environmental regulations), and to develop processing tech-

nology. In hydrocarbon rich countries, capital costs are even

higher proportionally because of lower fuel and feedstock costs.
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Following the most recent recession, the output of the U.S.

primary industrial organic chemical industry has not rebounded to

1979 levels. Table 7-17 enumerates the total U.S. production of

primary organic chemicals during the past decade.

TABLE 7-17

PRIMARY ORGANIC CHEMICAL PRODUCTION

(MILLION POUNDS)

PRODUCTION 1972 1977 1979 1981 1982 1983

BENZENE 8.7 i0.0 11.8 9.6 7.9 9.0

TOLUENE 6.6 7.3 7.2 6.1 7.6 7.1

XYLENES 5.3 6.2 7.4 6.7 5.6 5.5

ETHYLENE 20.9 25.4 29.9 29.4 24.7 27.0

PROPYLENE 8.5 13.3 14.2 13.5 12.3 13.0

BUTADIENE 3.5 3.3 3.6 3.0 1.8 2.2

OTHER PRIMARY 33.3 40.2 46.5 41.2 36.7 40.0

TOTAL 86.8 105.7 120.6 109.5 96.6 103.8

SOURCE: U.S. INTERNATIONAL TRADE COMMISSION

Role of Technology in the Lons-Term Strategic Outlook

The U.S. industrial organic chemicals industry is identified

as a stable industry. While production of primary and interme-

diate organic chemicals is increasing, a growing share of the

market is being taken over by industries in hydrocarbon-rlch

countries. "Greatly increased prices due to higher fuel and

feedstock prices are already limiting demand growth in the more

mature markets of industrialized countries" (Ref. 20). As a

result, U.S. petroleum and chemical firms will gradually shift
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the majority of their production of commodity chemicals to for-

eign locations. Growth for the next several years should be

about 5% annually. The greatest opportunities for demand growth

will occur in the downstream development of pseudocommodity and

specialty chemicals.

"There is no technological fix on the horizon that would

appear to be able to overcome the fuel and feedstock advantages

of hydrocarbon-rich countries" (Ref. 21). New forms of feedstock

production (synthetic gas or coal gasification and biomass) will

not be competitive with the low natural gas prices available in

hydrocarbon-rich countries. Near-term feedstock needs may be

partially met by improving the processing of heavy residues left

over from gasoline and light fuel production. Blomass technology

would require the production of biological catalysts, such as

enzymes capable of converting cellulose to primary and intermedi-

ate organic chemicals and alcohols.

However, technological improvements in U.S. processing tech-

nologies are expected to favorably affect feedstock utilization.

Biotechnology will yield blocatalysts that will enable reactions

to take place at lower-temperatures and in less pressurized envi-

ronments. The improved process technologies required to make

bioprocessing feasible include:

• increased volumetric rates of reaction;

improved yield coefficient ratios;

an increased number of process steps in a single reac-

tion vessel; and,

a reduction in the number of reaction and recovery

steps (Ref. 22).
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In addition, Japan's Ministry of International Trade and

Industry (MITI) is sponsoring a seven-year research program aimed

at improving four major C chemistry research areas:

• techniques for generating and purifying synthesis gas;

new synthesis processes for ethylene glycol, ethanol,

and acid;

• new methods for

pounds; and,

making lower-molecular-weight com-

• the development of new catalysts (Ref. 23).

New strategic technological issues affecting the industrial

organic chemicals industry are summarized in Table 7-18.

The most promising areas for industrial growth in the U.S.

organic chemical industry are in such downstream products as

pseudocommodlties and specialty chemicals.

Summary

The industrial organic chemicals subdivision is neither a

sunrise nor a sunset industry. Although projected growth is 5%

per year for the next seven years, the U.S. industrial organic

chemicals industry is not in a position to compete with increas-

ingly industrialized hydrocarbon-rich countries that have cheaper

and more abundant feedstock supplies.

There are no leapfrog technologies identified for this manu-

facturing subdivision. Demand for industrial organic chemicals

should rise as these are utilized in advanced and custom multi-

property materials. Biotechnology holds the promise of reducing

feedstock cost as well as process steps, but this technology will

not offer advantages of significant enough magnitude to identify

it as a leapfrog technology.
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B.7.4 AGRICULTURAL CHEMICALS (SIC 287)

This subdivision includes establishments primarily engaged

in the manufacture of basic nitrogenous and phosphatic fertil-

izers, mixed fertilizers, pesticides, and other agricultural

chemicals.

Nitrogen, phosphorous, and potassium are the basic plant

nutrients. Nitrogen fertilizer in its basic form is ammonia

produced from natural gas and nitrogen. Phosphatic fertilizer is

composed of phosphoric acid made from phosphate rock and sulfuric

acid. Potassium is derived from potassium chloride (potash). A

breakdown of world fertilzer consumption is shown in Figure 7-5.

The agricultural chemicals subdivision is subdivided into

the nitrogenous fertilizer industry (SIC 2873), the phosphatic

Nitrogen (53%)

Potassium (21.0%)

Phosphorous (26%)

Source: U.8. Department Of Industrial Economics
1984 industrial Outlook

Figure 7-5. Breakdown of World Fertilizer Consumption
by Fertilizer Type
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fertilizer industry (SIC 2874), the fertilizer mixing only indus-

try (SIC 2875), and the agricultural chemicals NEC industry (SIC

2879). The subdivision accounted for about 8% of the value added

of all chemicals and allied products in the U.S. in 1983. Its

positive balance of trade for this industry was $2.1 billion in

1982, $1.9 billion in 1983, and is expected to be $2.0 billion in

1984. Fifty-seven percent of its establishments employed 20

persons or less in 1977, while, at the same time, the four larg-

est companies accounted for about 39% of industry shipments.

Table 7-19 presents the business profile of the agricultural

chemicals industry. From the data it is evident that the indus-

try has been in a depressed state since 1981. Prior to 1981,

industry shipments were growing at an average annual rate of 4.5%

(in constant 1972 $). From 1981 to 1983, the constant dollar

value of shipments fell 12% per year. Although this constant

dollar value of shipments Is expected to climb 12% in 1984 to

$4.8 billion (constant 1972 $), this is still about 13% below the

peak value reached in 1981.

Employment in this industry rose at a steady rate of approx-

imately 1.8% per year from 1972 to 1981, with the exception of a

slight decline during the recession of 1979. From 1981 to 1983,

employment fell 8% per year. In 1984, total industry employment

is expected to rise 5% over 1983 values. In general, the indus-

try is still a good risk, showing a median equity return of 15.8%

in 1983.

The structural profile of the agricultural chemicals indus-

try is summarized in Table 7-20. The leading manufacturing firms

in this industry are diversified chemical companies. Materials

and energy represent the largest proportion of production costs,

accounting for 73.5_ and 6.8% respectively.

Nitrogenous fertilizer or ammonia production in 1983 was

down 18_ from 1982 to a level of 10.5 million short tons of
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TABLE 7-19

BUSINESS PROFILE OF

THE AGRICULTURAL CH_CALS INDUSTRY (SIC 287)

(BILLION $) 1972 1977 1979 1981 1983 1984
CURRENT $ "_.9 9.----9 12.2 _ _ 1--4-?[.1

1972 $ 3.9 5.1 5.4 5.5 4.3 4.8

TOTAL EIg_u0_B_

(TfIOUSANDS)

Index 1877 :: 100

120

47.9 53.9 53.1 55.5 47.1 49.6

100

80

60

40

20

_ Output Per Employee Hour

I 1 l l t
1088 1962 1866 1970

_u,rce: Unpublished BLS Data

CAPAcrI_, %

_ _IN _ _bXES, 1981 (%)

I_IAN I_ I_, 1983

CAPITAL I_IT_, 1981 (BILLION $)

1074 1978

1979

75

1982

1982

55

3.3%

15.8%

1.141

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

ARTHUR D. LIT[LE, INC.
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TABLE 7-20

STRUCTURAL PROFILE OF

AGRICULTURAL CH_ICALS INDUSTRY (SIC 287)

(1977)
(CATEGORIZe) BY NO.

OF _PLOYEES)

sMALL (<2o)
INTERMEDIATE (20-1000)

LARGE (>1000)

843
476

6

TOTAL 1325
(948 COMPANIES)

PFKX]_TIGN _ MFG. L_BOR

DI_ON 1980 8.2%

I_I_, 1979 (BILLION $)

IKa/)II_ _ (1981)
NAME
] T OYAL
WILLIAMS

CIBA GIEGY

CF INDUSTRIES

CHEVRON

TOTAL

SALES (BILLION $)

2.3
2.1

1.7

1.2
1.2

8.5

LABOR

3.5%
MATERIALS _ERGY CAPITAL

73.5% _ 8.1%

FERTILIZERS-CONTINUOUS

PF_-_ICIDES/HERBICIDES-BATCH

0.56

45 DAYS

SOURCES: U.S. DOC/BOC: CENSUS OF MANUFACTURES, 1977
1984 VALUE-LINE INVF21MENT SURVEY

ARTHUR D. LI_"TLE, INC.

7-52



nitrogen. The U.S. consumption of nitrogenous fertilizer was

down about 12% in 1983 from 1982. The value of product shipments

for 1983 was $4 billion, down 12% from 1982, while the compound

growth rate, in constant 1972 dollars, was 1.5% per annum from

1972 to 1983. Prices stayed down In 1982 and 1983 as a result of

reduced domestic demand and low cost imports. Expensive natural

gas and depressed prices caused an 11% decline in capacity in

1983, following a trend started in 1979. The industry operated

at 93% of total capacity in 1983. Natural gas price deregulation

will continue to cause profits to be squeezed in the future.

Diammonium phosphate, containing two nutrients (20% nitrogen

and 50_ phosphorous), showed the most impressive gains of all

fertilizers and agricultural chemicals in 1983; its exports rose

20%, accounting for nearly half of the total nitrogen exported.

The 10% drop in the unit value of this fertilizer helped to make

it competitive in foreign markets in spite of the strong dollar.

Production of phosphate rock rose 6% above its 1982 low in

1983, despite an expected 13% drop in consumption. Its compound

annual growth rate in constant dollars from 1972 through 1983 was

0.3%. The value of phosphate rock shipped fell 14%, from 1982 to

1983, to $2.7 billion. The forecasted 1984 value of product

shipments is expected to climb 15% (in constant 1972 $) over the

value in 1983, but will still remain 24% below the 1980 high.

Mixed fertilizers are expected to follow the same pattern as

other fertilizer products. The value of mixed fertilizer ship-

ments fell 14% to $532 million in 1983, but is expected to rise

10_ in 1984 to $585 million (in constant 1972 $).

Pesticides, including herbicides, fungicides, insecticides,

and vermin poisons, showed a combined growth rate of 1.8% between

1972 and 1983 (in constant 1972 $). When combined wlth a price

increase rate of 12.3% per year, this yields a growth rate in

product value of 14.1% annually. While the constant dollar value
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for pesticides dropped 10% from 1982 to 1983, the value of pro-
duct shipments is expected to increase 12% in 1984, with prices
increasing moderately.

Federal regulation of pesticides was initiated with the

Federal Insecticide Act of 1910, which focused primarily on over-

coming adulteration and regulating labeling. In 1938, the Pure

Food and Drug Act of 1906 was amended to cover pesticides in
food, particularly to provide tolerances for residues of arsenic

and lead and to color white insecticides in order to prevent them

from being mistaken for flour. The Federal Insecticide,

Fungicide and Rodenticide Act (FIFRA) of 1947, providing guide-

lines for labeling and displaying pesticide contents, superseded

the 1910 act. In 1959, the FIFRA was amended to include plant

growth regulators, defoliants, and dessicants. In 1972, the
FIFRA was further amended as the Federal Environmental Pesticide

Control Act (FEPCA) that categorized pesticides in terms of their

general and restricted use, and required registration and inspec-

tion of pesticide manufacturers, distributors, and applicators.
Additional pesticide legislation has included the 1954 Miller

amendment to the Food, Drug and Cosmetic Act of 1938, and the
Food Additives Amendment of 1958.

In the pesticides industry, ". . . there is a lapse of about

seven years between the time a pesticide is synthesized and the

time it is made commercially available. Research and development
costs for each pesticide average $15 million" (Ref. 24). Patent

llfe begins when the new chemical entity is synthesized and lasts

15 years; thus the approval procedure effectively halves the time
period during which the entity can be profitably exploited.

As the demand for food rises, worldwide, so too does the

demand for agrlchemicals. However, the competitive position of

the U.S. farmer in recent years, eroded because of the strong

dollar coupled with rising grain prices, has constrained growth
in the agricultural chemicals industry. In addition, poor
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weather has decreased farm productivity; the Payment-In-Kind

(PIK) program has reduced the amount of U.S. cultivated farm

acreage; and there is increasing competition for the U.S. ammonia

market from countries with lower priced natural gas supplies.

Chief constraints affecting the

industry are summarized in Table 7-21.

agricultural chemicals

Competitive Issues Affectin 6 the A_ricultural Chemicals Industry

The U.S. leads the world in phosphate production, and 75% of

U.S. fertilizer product shipments remain in the U.S. domestic

market. The U.S.S.R. leads the world in nitrogen production, and

Canada and the U.S.S.R. share the lead in potash production.

U.S. exports of phosphatic fertilizers rose 4% to over $i

billion (in current $) in 1983; imports were $54 million.

Exports are expected to increase i0 to 15% in 1984 and to con-

tinue to rise into the early 1990s. However, production of

Moroccan phosphates is increasing at a faster rate than U.S.

production; thus, the growth rate of U.S. exports is expected to

level off by the end of the century.

Total U.S. exports of nitrogenous fertilizers declined 20%

from 1982 to 1983 to $511 million (in current $). Exports of

dlammonlum phosphate rose over 20% in 1983. Imports of nitroge-

nous fertilizer rose 17% to $662 million in 1983, and exports are

expected to drop i0_ in 1984. Imports of ammonia in 1983

accounted for 50% of all nitrogen imports, but showed only a

slight rise above 1982 levels. Urea accounted for 40% of all

nitrogen imports, a 130% rise over 1982. The Soviet contribution

to these nitrogen imports dropped 7% from 1982 to 1983, i.e., to

a 22% share of U.S. imports.

The overall value of U.S. pesticide exports dropped about 5%

(in current $) from 1982 to 1983. The compound annual growth
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TABLE 7-21

CONSTRAINTS AFFECTI_ THE AGRICULTURAL

CHemICALS INDUSTRY (SIC 287)

G_ I_GmE_TIONS DEREGULATION OF NATURAL GAS RESULTS IN HIGHER
MATERIALS OOSTS, WHILE ENVIRONMFA_AL REGULATIONS

AFFECT WASTE MANAGemenT AS WELL AS PRODUCT

DEVELOPMENT, ESPECIALLY FOR PESTICIDES.

WdEL AND _ PRICI_ AV}_GE FUEL NEEDS FOR PROCESS USE, BUT EXTREMELY
HIGH REQUI_S FOR HYDROCARBON FEEDSTOCKS.

LaJ_OR S_C'mn_ STABLE OR DECLINING _MPLOYMENT OUTLOOK RESULTS IN

DISINTERESTED JOB SEEKERS. SHORT (3-6 MDNTHS)
WORK_ TRAINING PERIOD.

PRODUGTI(_ EST_[J_T 35% OF PLANTS AND EQUIPMENT ARE OVER 15 YEARS
OLD.

F_SCAL_ KLIC_ STRONG DOLLAR REDUCES EXPORTS, BUT FAVORABLE
TRADE AG_ WITH RUSSIA STABILIZE DEMAND.

CAPITAL SUBSTANTIAL INVESTMENF RISK WITH LIMITED RATE-OF-

RETURN AND FLUCTUATING CASH FLOW.
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rate of pesticides exports from 1972 to 1983 was 16.6%. Exports

constituted 28.3% of the value of product shipments in 1983; they

are expected to rise 10% in 1984. Pesticide imports (in current

$) did not change from 1982 to 1983, although the compound annual

growth rate from 1972 to 1983 was 20.8%. Imports were 5.9% of

supply and 7.8% of apparent consumption in 1983. Imports are

expected to rise 5% in 1984. Generally, the decreasing export

levels and increasing imports can be attributed to the strong

U.S. dollar abroad.

Productivity in the A_richemicals Industr_

Material costs constitute the dominant agricultural chemical

production cost, amounting to about 74% of the total. The pri-

mary agricultural chemical feedstock is natural gas, the price of

which has been increasing as a result of deregulation. The U.S.

is the world's third largest producer of natural gas, and there

is also a large natural gas demand by other domestic industries.

Labor constitutes the next largest proportion of U.S. pro-

duction costs (12%). The figure in Table 7-19 shows that labor

productivity (output per employee hour) rose steadily from 1958

to 1974, at an annual rate of 4.5%. After 1974 productivity

declined until 1977, where it remained at an approximately con-

stant level.

The capital costs of agrlchemicals in proportion to produc-

tion costs are the second largest among the allied chemicals

industries.

Role of Technology in Lon_-Term Strategic Outlook

As world population increases, the demand for food grows,

which should lead to a rise in agricultural production. In its

capacity to augment these increased agricultural production

requirements, the agricultural chemicals industry must be con-

sidered a "sunrise" industry.
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Key technological advances in the agricultural chemicals

industry will include the development of plant growth regulators,

biopesticides, biofertilizers, allelopathy, high efficiency

ammonia processing techniques, and coal gasification. Growth

regulators will be developed to aid a plant's ability to resist

wind, heat, cold, drought, and salinity. Recombinant DNA tech-

nology will lead to the development of highly specific pesticides

(called biopesticides) and nitrogen assimilating plants (biofer-

tilization). Allelopathy will be used to improve a plant

strain's resistance to natural herbicides. High efficiency

ammonia and urea processing will reduce the energy consumed per

ton of ammonia produced. Coal gasification will yield cheaper

domestic feedstocks for ammonia production. These trends and the

projected times of development are listed in Table 7-22.

SummarF

Due to the demand for its products, the agricultural chemi-

cals subdivision is categorized as a sunrise industry. Possible

reversals in this subdivlsion's growth may result from the feed-

stock resource advantages of competing countries.

One leapfrog technology has been identified for this indus-

try subdivision. Biotechnology may be utilized for enhanced

feedstock production and recovery. Since feedstock prices

account for almost three-quarters of the production cost, reduced

feedstock costs offer significant savings if economically feas-

ible to institute. Biotechnology may also be utilized to develop

hardier plant strains which would greatly expand the agricultural

chemicals market.

B.7.5 CONCLUSION

The majority of subdivisions within the chemicals and allied

products subsector illustrate similar constraints and prospects.

All of the subdivisions which have been discussed, except for
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industrial organic chemicals, are "sunrise" industries; indus-

trial organic chemicals is a saturated industry facing severe

foreign competition. Employment is declining steadily in all

subdivisions except drugs. Governmental product licensing and

environmental regulations affect all subdivisions, and effec-

tively add to the product cost. The introduction of most new

chemicals or related products entails significant investment

risks, with limited returns-on-investment. Each subdivision,

except for drug chemicals, has average process energy require-

ments but high feedstock requirements. Finally, the continued

strength of the U.S. dollar depresses export activity for these

subdivisions.

Long-term strategic recommendations for the subdivisions

within the chemical and allied products subsector are as follows:

Replace current feedstocks with economic coal gasifica-

tion or biomass and develop nonpetroleum process

routes.

Where feedstock requirements and prices are high,

develop higher value products such as engineering plas-

tics, pseudocommodities, specialty chemicals, etc.

Develop less-pollutlng processes and generic waste

disposal techniques, preferrably with government assis-

tance.

Liberalize laws regarding Joint development of tech-

nology. Develop more effective chemical product test-

ing procedures.

Optimize plant efficiency and value by rationalizing

plant capacity based on market demands. Encourage

development of better process management techniques.

• Seek government sponsorship of R&D in key areas.
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B.8 "PETROLEUM AND RELATED PRODUCTS" (SIC 29)

The petroleum industry, Subsector 29, is the eighth largest

manufacturing subsector; its value added accounted for 3.2% of

the manufacturing sector's contribution to GDP in 1980. Note

that oil and gas production is not reported under this two digit

SIC classification. Statistical data on this part of the

industry is reported under Crude Petroleum and Natural Gas (SIC

1311). The subsector is characterized by:

A high degree of fragmentation. Out of a total of

approximately 2,200 establishments, 1,400 employed less

than 20 persons (1977).

A labor productivity of $49,332 per employee year or

$25.69 per employee hour (1980, 1972 $), ranking this

subsector second among the nation's 20 manufacturing

subsectors. A compound annual labor productivity

growth rate average of 2.2%/year from 1972 to 1980

ranks this subsector fifth. The labor productivity for

the comparable Japanese subsector was $34,288 per

employee year or $17.86 per employee hour (1980, 1972

$), ranking this subsector first among Japan's 20 manu-

facturing subsectors. The compound annual labor pro-

ductivity growth rate for the Japanese subsector

averaged 4.2%/year from 1972 to 1980, ranking this

subsector seventeenth.

An extremely high capital investment base relative to

other subsectors within the manufacturing sector.

Capital investment amounted to $70,498 in total assets

per worker, ranking first in terms of (depreciated)

fixed assets (1980, 1972 $). New yearly capital

expenditures were $7,184 per employee (1980, 1972 $),

ranking first in the manufacturing sector. Total capi-

tal productivity, measured as dollars of added value
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output per dollar of capital investment, was

(1981).

0.50

@ A moderately aggressive R&D program. For the subsector

as a whole, R&D expenditures amounted to $0.9 billion

(1980, 1972 $), ranking this subsector sixth among the

20 manufacturing subsectors. R&D expenditures were

equivalent to 6.3% of the value added by the subsector

in 1980.

Table 8-1 shows the major products produced by the subdivi-

sions and each subdivislon's share of the subsector's contribu-

tion to GDP in 1980. Table 8-2 summarizes the primary economic

features of the principal subdivisions.

One subdivision--petroleum refining (SIC 291)--accounted for

89% of the subsector's output in 1980. In assessing long-term

technology needs, this industry has been selected for detailed

analysis.

B.8.1 PETROLEUM REFINING (SIC 291)

The petroleum refining begins with the processing of crude

petroleum and natural gas liquid products, called feedstocks,

into a variety of primary fuel products. These primary products

such as gasoline, kerosine, Jet fuel and diesel fuel are sold to

other industry sectors or the general public.

Refining is defined as the physical and/or chemical separa-

tion of the hydrocarbon compounds in crude petroleum and natural

gas liquid products, producing "lighter" "heavy" petrochemicals

as the primary fuel products. This process is accomplished

through combinations of thermal application, distillation,

catalytic reforming, alkylation, hydrodesulfuration and hydro-

cracking.
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TABLE 8- i

CLASSIFICATION OF MAJOR PRODUCTS OF THE PETROLEUM

AND RELATED PRODUCTS INDUSTRY (SIC 29) AND CONTRIBUTION

TO SUBSECTOR IN 1980

SIC CODE

291

SUBDIVISION DESIGNATION AND

TYPICAL PRODUCTS

PE_OL_]M R_'INING

GASOLINE, JET FUEL, KEROSENE,
DISTILLATE AND RESIDUAL FUEL

OILS, LUBRICANTS, AND OTHER
CRUDE PETROLEUM PRODUCTS

% CONTRIBUTION

89.2

295 PAV'IM_ _ ROOFING I'IA_

ASPHALT AND TAR PAVING PRODUCTS,

PAVING BLOCKS, CREOSOTED WOOD;
ASPHALT AND SATURATED FELTS IN

ROLLS OR SHINGLE FORM, ROOFING

C_ENT, AND COATINGS

6.6

299 __AND

OOAL_

REFINED LUBRICATING 0ILS AND GREASES,

LUBRICATING OIL BASE STOCKS, FUEL

BRIQUETTES, BOULETS, PACKAGED FUEL,

POWDERED FUEL, AND OTHER PETROLEUM
AND COAL PRODUCTS

4.2

29 ALL PETROLEUM AND RELATED PRODUCTS 100.0

SOURCE: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1982-83

EOP/OMB: STANDARD INDUSTRIAL CLASSIFICATION, 1972
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The petroleum refining industry is the major supplier of

energy in the U.S. The industry faces pressure from environ-
mental regulations, primarily concerning air pollution, and will

face competition in the future from alternate energy sources such

as geothermal, solar, coal, synfuel, nuclear, and hydroelectric.

Table 8-3 summarizes the projections of energy use by
Standard Oil Co. of California (Chevron), one of the top petrol-

eum refiners in the U.S. The data show that oil consumption will

remain relatively flat through the year 2000; crude oil produc-

tion will experience slow growth; consumption of alternate energy

sources, such as coal and hydroelectric, will grow at a slow to

moderate rate; nuclear energy consumption will grow at nearly i0%

per year until 1990, before demand flattens.

TABLE8-3

i

F[R'JRE GROWI_ OF _RGY CONSUMPTION AND

PRODUCTION IN THE U.S.

ENERGY SOURCE

ANNUAL INCREASE (DECREASE), %

1983-1990 1990-2000

NA.?URAL _ _Oil

OOAL _ON

NOOI_akR O(O_ESLU_IFI_IDN

_C _ON

(0.3) 0.2

1.7 2.6

0.7 (1.3)

3.8 3.5

9.9 O.8

2.2 2.2

SOURCE: STANDARD OIL CO. OF CALIFORNIA, WORLD _ERGY OUTLOOK
i

k
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The petroleum refining subdivision's historical and current

posture is summarized in Table 8-4 and 8-5, which portray the

industry's business and structural profiles, respectively. Table

8-4 shows that the industry shipments, expressed in constant 1972

dollars have been essentially flat, varying between $26 and $35

billion during 1972-1983 period back to $28.6 billion in 1983.

(Petroleum and petroleum products have inflated at a much greater

rate than the economy as a whole. For example, the GNP price

defaltor for 1983 is 200 (1972=100) while the deflator for

petroleum refining is 600.) Shipment estimates for 1984 are

$30.3 billion, up from $28.6 billion in 1983, but still within

the range established during the past twelve years. Petroleum

refining expressed in physical terms (barrels of refined oil

shipped) has also remained flat; 4.8 billion barrels were shipped

in 1972, virtually the same was shipped in 1983 (4.9 billion) and

only a modest increase is estimated for 1984 (5.1 billion

barrels). Employment has remained steady, while output and out-

put/employee (i.e., productivity) has been slowly rising. New

capital expenditures for petroleum refining technologies,

expressed in constant 1972 dollars, have declined slowly from

$i.I billion in 1972 to $800 million in 1981. Refinery capacity

has dropped from nearly full utilization in 1972 (99%) to 89% in

1983.

Table 8-5 shows that while most of the establishments in the

petroleum refining industry are medium in size (20-1000

employees), the industry is dominated by several large firms;

with the four largest accounting for 30% of its shipments. Many

of the companies reporting in SIC 291 are also major petrochemi-

cal producers. Information about their activities are reported

separately under SIC classification 28. The dominant production

cost is materials (82%), which are composed primarily of crude

oil. The U.S. petroleum refining industry has not maintained a

favorable balance of trade. Oil import and export data show that

although the value of oil exports have risen 13 fold in the past

ten years, compared with a seven fold increase for oil imports
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TABLE8-4

BUSINE_ PROFILE OF THE PETROLEUM

REFINING INDUSTRY (SIC 291)

(BILLION $)
CURRENT $

1972 $

S_IPPED (BILLIONS)

TOTAL _K_IK_&'T

(THOUSANDS)

Index 1977-- 100
160

1972 1977 1979 1981 1983 1984 EST.

25.9 91.7 140.4 215.6 171.8

25.9 32.7 35.1 30.3 28.6 30.3

4.8 5.7 5.7 5.1 4.9 5.1

100.8 102.5 108.3 108.8 100.6

140

120

100

80

60

40

20

1954 1958

Source: Published BL8 Data

I l I 1 I I
1962 1956 1970 1974 1978 1982

Yeara

VALUE(]P PLANT, 1976, BILLION 3, CURRENT 22.3

NEM CAPITAL EXP_ITURES, BILLION $
CURRENT $
1972 $

1972 1981 1983
1.1 _ --

i.I 0.8

CAPAEITY, 94.1 73.9 76.1

SO_C_: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S. DOC/BOC: CENSUS OF MANUFA_, 1977

U.S. DOL/BLS

U.S. DOE/EIA
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TABLE8-5

STRU_ PROFILE OF THE

PETROLEUM REFINING INDUSTRY (SIC 291)

EST_f_._S (1977)
(CATEGORIZED BY NUMBER

OF mPLOYEES)

SMALL (<20) 69
INTERMEDIATE.

(20-1000) 261
IARGE (>1000) 19

TOTAL 3/-19

NAME

LFADINQ FI_

REFINERY RUNS

(THOUSAND _LIDAY )

EXXON CORP.

TEXACO INC.

MOBIL CORP.

GULF CORP.

STD. OIL CArnY. (CHEVRON)

STD. OIL INDIANA (AMOCO)
SHELL OIL

ATLANTIC RICHFIELD (ARC,O)
PHILLIPS PETROLEUM

SUN COMP_'Y (SUNOCO)

TOTAL
OF INDUSTRY

3300

2000

1600

900

900

9OO
800

700

500

5OO

12, I00
81

M_G. LABOR

DI._t_./mrriOS, 1977 1.5%

OTHER

0.8%

1970
1972 $, MILLION

A'VI_,.AflE AI_NqlO'AT.,_ _ _C)N OclqrrFiOL
(MILLIONS 1972 $)

AIR

WATER

OIL E_8_'S,
MILLION _ $

MATERIALS ENERGY CAPITAL

OIL I_K_TS,
MILLION (TJRRENT $

82.4%

1974

5_T

1972 1977 1979

2,101 8,728 11,054

2.5% 12.8%

1977 1979

1970-78 1981-90

7 28
62 145

1981 1982

3,-_

15,766 15,590

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S. DOC/BOC: CENSUS OF MANUFACTURF__, 1977
VALUE-LINE I_ SURqEY, 1984
NATIONAL SCIENCE BOARD: NATIONAL SCIFR_CE INDICATOKS

EPA: 1984 COST OF CLEAN AIR AND WATER REPORT TO CONGRESS
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during the same period, oil imports still exceed oll exports by

nearly three times. Although consumption of petroleum has fallen

in recent years (5.6 billion barrels in 1982 compared to 5.9

billion barrels in 1981 and 6.8 billion barrels in 1979) due to a

slowdown in the U.S. economy, decreased usage coupled with

increased fuel efficiency of the nation's automobile fleet, and

sharp increases in oil prices in recent years, petroleum demand

still exceeds domestic production; currently 25% of the nation's

crude oll is imported. R&D expenditures, expressed in constant

1972 dollars, have been steadily increasing, rising from $563

million in 1970 to $752 million in 1979.

Table 8-6 outlines the constraints present in the petroleum

refining industry. The industry is affected by government regu-

lations mandating the type of fuel to be produced (i.e., low lead

and unleaded fuels). The industry's labor force is highly union-

ized, 2-year contracts are generally in force. Fiscal/monetary

policy affects the refining industry because the industry is

highly capital intensive.

TABLE 8-6

CONSTRAINT PROFILE OF THE

PETROLEUM REFINING INDUSTRY (SIC 291)

EPA REGULATIONS REQUIRE LOW SULk, LOW-LEAD

PRODUCTS, AS WELL AS THE REDUCTION OF NOXIOUS
WASTES.

IABSH BEL_TIOMS HIGH DEGREE OF UNIONIZATION; 90% OF _MPLOYEES
COVERED BY COLLECTIVE BARGAINING AGREEMENTS.

FISCAL_ PCUC_ REFINING INDUSTRY IS HIGHLY CAPITAL INTEN-

SIVE. CAPITAL OUTLAYS/PRODUCTION WORKER ROSE

SEVE%[FOLD FROM 1960 TO 1975 AND TREND IS

CONTINUING. AFFECI'ED BY COST AND AVAILABILITY

OF MONEY

SOURCE: U.S DOL/BLS

8"9



Role of Technolo6ies in Lon6-Term Stratesic Outlook

The petroleum refining segment has been impacted by several

major developments in the past few years that will result in

permanent changes. These include

• Removal of TEL as an octane enhancer in gasoline;

• More efficient utilization of fuels;

• Changes in relative product demands;

• Decline in availability of light, sweet crudes; and

• Environmental regulations.

The removal of lead from gasoline has forced refiners to

find other methods for meeting octane requirements. These

include more catalytic reforming capacity and use of alcohols and

blends of other oxygenated hydrocarbons. The national program of

energy conservation has reduced the demand for the products pro-

duced by this industry. The result of this being a redundancy in

refining capacity in the U.S.; the solution, which is currently

under way, is the rationalization of capacity (i.e, the reduction

of over-capaclty). The composition of the demand barrel in the

U.S. has been getting lighter (i.e., more distillate, less resid-

ual fuel); a trend that is expected to continue in the future.

This has fairly significant implications on future processing

capabilities of refineries, particularly as crude quality is also

declining. Finally, environmental regulations will be a major

consideration. This must be factored into future developments by

this industry.

In the long term, the future acquisition of feedstocks will

become a major problem area for the refining industry. Alterna-

tive sources of raw materials such as syncrude from oil shales
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and tar sands will be developed. This, in turn, will create new

processing problems for the refining industry due to the unusual

character of these new feedstocks, namely, high nitrogen, viscos-

ity, and metals including arsenic. To quote George Masologites

of Arco R&D ".... historically, the petroleum and allied indus-

tries have moved forward aggressively with technology."

Table 8-7 summarizes the technologies currently being

developed and planned. In the near-term, petroleum refining

companies will be concentrating on optimizing the processing

configuration of their refineries to increase profitability.

This will involve development and application of various types of

conversion processes which basically rearrange the natural mole-

cular configurations in petroleum into altered forms that are

more suitable for refined fuel products. In particular, technol-

ogies for conversion of petroleum residues (atmospheric and

vacuum bottoms) will have high priority. Peripheral technologies

that could also see application in this timeframe include fluid

bed combustion, computerized process controls and fuel cells.

An important element of refinery process technology innova-

tion is catalyst development. Future efforts in this area will

be aimed at formulating specialized catalysts which will have

unique abilities to solve such problems as refining high metal

content residuals, high-nitrogen or high-sulfur gas oils, or to

resist attrition in fluid crackers.

The major long-term concern to the petroleum refining

industry is securing a reliable supply of liquid hydrocarbons to

transform into fuels. While exploration and production activi-

ties in the petroleum industry are classified elsewhere, this

issue does have significant impact on the petroleum product

sector. Eventually, oil producing and refining companies will

have to turn to unconventional oil resources for future refinery

feedstocks. The sources of unconventional oil in order of likely

commercialization include:
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• heavy crudes (Lloydminster, Oronoco, Oxnard);

tar sands and shale (syncrudes); and

• coal.

Heavy crudes have high viscosity at formation conditions and

require some type of thermal stimulation to extract them from the

ground. Various techniques are being investigated, including

steam drive, fire-flood, downhole steam generation, microwave

heating, etc. More development is needed to perfect these tech-

nologies and achieve lower production costs.

Similarly, several hot water and solvent processes for tar

sands extraction and retorting technologies for shale are being

tested and scaled up to commercial size modules. The syncrudes

produced from these sources would be processed in existing refin-

eries, albeit with modifications to handle the high nitrogen,

oxygen, and metals content.

The largest hydrocarbon resource in the U.S. is coal. In

its natural form it is not suitable for many petroleum fuel end-

uses. Finding an efficient and cost-effective process for con-

verting coal to transportable liquid fuels is one of the critical

long-term needs for the nation. The Sasol complex in South

Africa where coal is converted to liquid fuels via Fischer-

Tropsch technology is a commercial scale facility. While this

indirect approach to coal liquefaction is technically feasible,

the basic process was developed in the 1940s. Research is going

on to improve the process efficiency and selectivity of the

Fischer-Tropsch process. Research into direct hydrogenation of

coal is an area which also holds promise for obtaining useable

liquid fuels from coal. Current interest is focused on two-stage

liquefaction which involves extraction followed by hydrogenation

and appears to reduce hydrogen consumption while not adversely

affecting liquid yields.
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Conclusion

Any national industrial technology policy must inevitably

involve the petroleum refining industry. As the largest consumer

of fossil energy in the world, it is essential that the U.S.

continue to invest in new techniques for extraction and refining

of liquid hydrocarbons. The track record of the petroleum indus-

try is quite good with respect to responding to such

challenges. However, as readily available sources of hydrocar-

bons decline, the cost of developing new technologies is climbing

exponentially. In development areas like oil shale and coal

conversion, commercial scale demonstration modules can cost hun-

dreds of millions of dollars. Because of the high risk and

financial impact of failure, oil companies need some means of

shifting development costs. Some form of national initiative

which was less concerned with near-term commercial viability

would be welcomed by the petroleum industry.
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B.9 "PRINTING AND PUBLISHING" (SIC 27)

The printing and publishing subsector, SIC 27, is the ninth

largest manufacturing subsector. Its value added accounted for

5.7% of the manufacturing sector's contribution to GDP in 1980.

The subsector's chief characteristics are as follows:

A high degree of framentation, out of a total of ap-

proximately 49,000 establishments, 40,000 employed less

than 20 persons (1977).

A labor productivity of $19,695 per employee year or

$10.26 per employee hour (1980, 1972 $), ranking this

subsector thirteenth among the nation's 20 manufactur-

ing subsectors. A compound annual labor productivity

growth rate average of 0.4%/year from 1972 to 1980

ranks this subsector seventeenth. The labor produc-

tivity for the comparable Japanese subsector was

$13,845 per employee year or $7.21 per employee hour

(1980, 1972 $), ranking this subsector sixth among

Japan's 20 manufacturing subsectors. The compound

annual labor productivity growth rate for the Japanese

subsector averaged 5.5%/year from 1972 to 1980, ranking

this subsector fifth.

A lower than average capital investment base relative

to other subsectors within the manufacturing sector.

Capital investment amounted to $9,326 in total assets

per worker, ranking sixteenth in terms of (depreciated)

fixed assets (1980, 1972 $). New yearly capital expen-

ditures were $1,228 per employee (1980, 1972 $),

ranking fifteenth in the manufacturing sector. Total

capital productivity, measured as dollars of added

value output per dollar of capital investment, was 1.14

(1981).
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No R&D activities. However, industry suppliers advance

the technology used through anticipation of future user

needs.

Imports and exports are generally not significant; in

1983, they were only 0.3% and 0.07% of receipts.

Table 9-i shows the major products produced by the subdivi-

sions of the subsector and their contribution to the subsector's

share of the GDP. Table 9-2 summarizes the principal economic

characteristics of the subsector.

Two subdivisions--Newspaper Publishing and Printing (SIC

271) and Commercial Printing (275)--accounted for approximately

56_ of the subsector's contribution to manufacturing in 1980.

These two subdivisions of the printing and publishing subsector

have been selected for detailed analysis in order to assess long-

term technology needs.

B.9.1 NEWSPAPER PUBLISHING AND PRINTING (SIC 271)

The major products of this subdivision are daily, Sunday,

and weekly newspapers. In general, the companies involved in

this industry have been leaders in adopting new technology to

reduce costs, primarily through the reduction of labor.

The business and structural profiles of the newspaper sub-

division are summarized in Tables 9-3 and 9-4, respectively. The

value of recelpts/production worker increased from $48,700 in

1972 to $64,917 in 1982 (1972 $). This was due both to the

increased value of receipts and a reduction in the number of

production workers. Receipts are expected to increase by 3.0% in

1984. The 16_ increase in total employment from 1972 to 1983 was

due primarily to an increase in editorial staff.

New capital expenditures were approximately $i billion in

1981; however, this represented only 13.2% of total assets.
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TABLE 9- I

CLASSIFICATION OF MAJOR PRODUCTS OF THE

PRINTING AND PUBLISHING INDUSTRY (SIC 27)

AND CONTRIBUTION TO THE SUBSECTOR IN 1980

SIC CODE
SUBDIVISION DESIGNATION
AND TYPICAL PRODUCTS

271 _AF_: _ AND _ 28.9

% CONTRIBUTION

NENSPAPERS.

275 C_4n_IAL _ 26.8

BREAD WRAPPERS, LABELS, CALENDARS,

PLAYING CARDS, FO_, POSTCARDS,
STATIONERY, AND CONTRACT-PRODUCED
PRINTED MATERIAL OF ALL TYPES.

272 P_tIODI_: _ AND PRINTING 12.6

COMIC BOOKS, MAGAZINES, AND TRADE
JOURNALS.

273 _ 12.4

BOOKS AND PAMPHLETS.

276 _ _ _ 4.9

SALESBCOKS AND OTHER BUSINESS
FORMS.

279 PRINTING TRADE _WIC3_ 4. I

TYPESET COMPOSITION, PHOTO-
ENGRAVING PLATES, ELECTROTYPE
PLATES, AND LITHOGRAPHIC
PLATES.

274 _ _ 4.0

ATLASES, GLOBE COVERS, MAPS,
GUIDES, PATII_RNS, AND RACETRACK
PROGRAMS.

278 _ _ _INO 4.0

ACCOUNT BOOKS, LO0_ BINDERS,
DIARIES, RECORD ALBUMS, AND
CH_.

277 _ _ _ 2.3

GR_-TING CARDS.

SOURCES: U.S. DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1982-3

BOP/OMB: STANDARD INDUSTRIAL CLASSIFICATION MANUAL, 1972
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TABLE 9-3

BUSINESS PROFILE OF

NEWSPAP_ PUBLISHING AND PRINTING (SIC 271)

I_ (BILLION $)

OURRENT $
1972 $

_;_AL EMPLO_4mqT

(_OUSANDS)

Index 1977 = 100

140 t
120

1972 1977 1979 1981 1983
_.3 13.1 Y6.2 20.0
8.3 8.4 8.9 9.2 9.6

348.5 349.9 396.2 419.0 414.7

ANNUAL

RATE

OF GROWTH

1972-82

10.3
1.4

Output/Employee Hour

100

80

Output

6O

1958 1962

Source: Unpublished BL8 Data

1966

OP I_JhN'T,1976, CURRENT $, BILLION

CAPAOIT_, 1983, %

I_ GAPI_ EXI_IT_
"CURRENT $, BILLION

OF _AL ASSETS

_, 1983
% OF TOTAL

BREAKDOWN, % OF TOTAL VOLUME
RETAIL

CLASSIFIED

NATIONAL

I i I
1970 1974 1978 1982

4.5

87

1977 1981

O.5 1.0

13.2

80

55 TO 6O

25 TO 30

i0 TO 15

SOURCES: U.S. DOC/BOC: CENSUS OF MANUFACTURES, 1977

U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK
U.S. DOL/BLS: 1984 VALUE-LINE INVESTMENT SURVEY

ARTHUR D. LITI_, INCORPORATED
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TABLE 9-4

STRU_ PROFILE OF

NEWSPAP_ PUBLISHING A_D PRINTING (SIC 271)

Es,mmaa_gma's (1977)
(CATEGORIZED BY NO.
OF m_FLOYEES)

SMALL (<20) 6,718
INTERMEDIATE (20-1000) 2,093

LA_E (>1000) 56
TOTAL -_

(7,386 COMPANIES)

U_,ADI_ _ (1983)

NAME

KNIGHT-_

GANNETt CO.

TIMES MIRROR

DOW JONES

NN_ YORK TIMES

DOMESTICALLY
G_ERATED

SALES ($ MILLION)

1400

1329

1196
814
786

l_m][_i(m (X]ST

DI_]'AON

MFG. LABOR LABGR MA_AI_

1977 14% 19% 26%

1980 36.7% 22.6% 33.8%

CAPITAL

1% 4o%
0.9% 6%

_om_ 1965 1983

DAILYS (1710 NEWSPAPerS)

CIRCULATION, MILLION COPIES
MOHNING EDITIONS

_JMBER

_TION, MILLION COPIES
EVENING EDITIONS

_TION, MILLION COPIES

60.3

320.0
24.0

1444.0

36.3

63.0

440.0

34.0

1300.0
29.0

WEEKLYS (7626 NEWSPAPerS)

_'CIRCO_TION, NII_ION COPIES
SUNDAY EDITIONS

NUMBER

CIRO0"_._TION, MILLION COPIES

25.0

562.0
46.4

44.3

770.0

57.0

SOURCES: U.S. DOC/IK3C: CENSUS OF MANUFAClI/RF_, 1977
VALUE-LINE INVESTMENT SURVEY, 1984

ARTHUR D. LITILE, INCORPORATED

9-6



On average, 80% of U.S. newspaper receipts comes from the

sale of advertising. Gains In overall U.S. economic activity in

1983 were reflected by surges In classified advertising (20% over

1982) and retail ads (I0 to 12% over 1982). National accounts

recorded only a 5 to 7% increase in advertising revenues in

1983. Decreased ad expenditures by some automobile and cigarette

companies, attributed In part to increases In newspaper adver-

tising rates, accounted for the only nominal gains In national
accounts.

As illustrated in Table 9-4, approximately 76% of establish-

ments employ 20 persons or less. While the top 20 firms
accounted for $10.4 billion in sales, the top 5 firms were

responsible for 50% of thls amount. The subdivision is fairly
labor intensive, employing many writers, editors and

researchers. Correspondingly, wages accounted for 33.8% of pro-
duction costs in 1977. Thls increased to 59.3% of costs in

1980. Materials, primarily paper and paperboard mlll products,
increased from 26% of production costs In 1977 to 34% of costs in

1980.

Significant structural changes have occurred in the industry

during the past two decades. The number of papers, both daily

and weekly have decllned. Changes In consumer preferences and

tastes in daily newspapers are reflected in the continued decline

of evening papers and the increased circulation of morning and

Sunday papers (Table 9-4).

Among the institutional constraints which affect the subdi-

vision, three are primary as shown in Table 9-5. Labor intensive

distribution functions limit circulation expansion. All automa-

tion ceases after loading. Circulation relys on localized forms

of transportation and a system of hand-delivery carriers. Thls

type of dlstrlbutlon operation seriously curtails the speed at

which delivery occurs.
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TABLE 9-5

DO_[INANT CONSTRAINTS AFFECTING

NEWSPAPER PUBLISHING AND PRINTING (SIC 271)

DF_ON _TIOKS LABOR INTENSIVE DISTRIBUTION,
CONSISTING PRIMARILY OF

LOCALIZe3 TRANSPORTATION

METH0I_ AND HAND-DELI-_Y.

LABOR _ PRECED_ EKIST FOR LABOR

STRIKES WHICH CAN _ECTIVELY

PARALYZE PRODUCTION. LARGE

UNION PRESENCES WI_

PREDICT_ M_GE_ WI_ THE

TEAMSTERS UNION.

HIGH PEAK COST FOR N_SPRINT.

NEWSPAPERS ARE LIMITED TO X_IS

MATERIAL _ PRINTING.

SOURCE: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL (N/f;IX)K

TABLE 9-6

TIMELY INFORMATION DELIVERY

TO_

ABILITY OF

'IV SECONDS LOW

CABLE 'IV SECONDS HIGH

NEWSPAP_ HOURS HIGH

WEEKLY NEWS MAGAZINE DAYS HIGH

MONTHLY GENERAL OR WEEKS HIGH
SPECIAL INTEREST

MAGAZINE

i

E_JT_ GP

_ON

S[H'[W_XED

LOW

MEDIUM & GROWING

MEDIUM

MEDIUM +

HIGH

SOURCE: ARTHUR D. LITILE, INCORPORATED
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Labor relations also constrain the industry. Because of the

labor intensive nature of production and delivery methods, labor

strikes can slowdown or halt production. A strong union network

is present in the form of the International Typographical Union

(ITU) and the Newspaper Guild. A more aggressive workforce could

result from merger overtures made to the members of the ITU by

the Teamsters Union. Entrance of the Teamsters into the news-

paper industry's labor negotiations could present management with

more intense labor problems.

The industry is also curtailed in the use and costs of mate-

rials. During the recent economic recession, the price of news-

print produced in American and Canadian mills reached an all time

high of $500/metric ton. Efforts to substantially reduce this

cost have failed. Also, the high cost of materials used in pro-

ducing the consumer-preferred color photography will continue to

drive up material costs.

Competitive Issues Affectin_ Newspaper Publishin$ and Printing

The newspaper industry tends to suffer more from domestic

competition than from foreign imports. Although circulation

continues to rise, it is not keeping pace with population

increases. Competition from other media sources, such as mail

delivery, television, radio, and cable television continues to

increase. As shown in Table 9-6, the consumer receives the in-

formation hours after publishing, with a high selective capabil-

ity and information content of a medium depth. While this format

may compete with magazines which have a lag-time of several days

to several weeks or with commercial television which has a very

low selective capability, it may not be able to compete effec-

tively with cable television with high selectivity, information

of a medium to high-depth and a much shorter lag-time.

Material costs and the high cost of labor continue to drive

up the cost of a single newspaper copy. Revenues from subscrip-
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tlons and single copy sales represent about 20% of total re-

ceipts. By 1983, more than 805 of U.S. daily papers were priced

at 25 cents per copy, up from I0 cents in 1970 and 15 cents in

1975.

As a result of increased domestic media competition and high

material and labor costs, many publishers are diversifying into

new forms of print and broadcast advertising. Cable television

provides both a format for the introduction of personalized in-

formation, such as databases, as well as highly selective audi-

ences to be advantageously reached by advertisers. Newspaper

publishers are becoming increasingly active in cable television

ventures, recognizing opportunities for marketing interactive

databases and researching the possible conversion of some adver-

tising from print to broadcast media.

Productivity in Newspaper Publishin5 and Printin5

Productivity in the newspaper industry is, by its very na-

ture, difficult to both define and measure. The industry is

comprised of two very different processes: publishing and print-

ing. The publishing process is largely a mental one. The edi-

tors and Journalists choose subjects, investigate them and commit

subsequent thoughts to paper or computer memory. These thoughts

are then edited and printed. For nearly all newspapers, the

printing process is completely automated through the use of pho-

totypesetting and web-offset printing, both of which are highly

compatible with computer-aided editing, typesetting and word

processing. This technology was largely diffused throughout the

industry by 1978, so it is reasonable to assume that this major

productivity enhancing technology is in place where economy-of-

scale makes it cost effective.

Difficulty arises if attempts are made to measure produc-

tivity in terms of dollars of value added per employee, as this

value includes both the mechanical and editorial processes. To
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some extent, there are economies-of-scale to be realized during
the printing process, but these are offset by the amounts of time

necessary to produce the editorial content. As shown in Table 9-
7, newspapers employing between 50 and I00 people experienced the

largest gain in productivity during 1972 and 1977. However, this

was also in part, because their editorial staff employment went
up nearly 12%.

Table 9-8 shows that small and large newspapers have essen-

tially the same physical productivity in the publishing area.

However, they differ significantly in both the printing and pro-

duct distribution areas. This is because the small newspaper has

a circulation of approximately 29,000 while the large newspaper

circulates about 260,000 papers. However, once the publishing

function is accomplished, either the small or large newspaper

could print more or less product with little additional printing

labor cost.

Ma_or Elements of the Production Process

Figure 9-1 shows a breakdown of the major cost elements for

two model newspapers. The larger newspaper is most sensitive to

material cost while the smaller newspaper is most sensitive to

publication labor costs. In both cases, printing labor is rela-

tively insensitive.

The cost of a single published page is relatively high.

However, once the publication function is accomplished, the ori-

ginal page can be printed in large multiples (as in the case for

the larger newspaper) and the cost of the newspaper will fall.

Naturally, as the larger newspaper prints more copies, material

costs will rise.

Role of Technology in Lon_-term Strategic Outlook

The limited revenues of newspaper establishments preclude

extensive research and development activities. However, industry
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TABLE 9-7

PRODUCTIVITY DATA FOR

NEWSPAPER PUBLISHING AND PRINTING (SIC 271)

AVERAGE

ESTA_I_t4E_T 1972

I-4 15,686

5-9 13,166

10-19 12,361

20-49 12,149

50-99 9,142

100-249 17,793

250-499 18,541

500-999 12,553

1000-2499 36,797

2500+

TOTgL 17,843

_I_rill[

(VALUE ADDED/I_4PLOYEE, CURRENT $)
1977

28 594

23 039

18 585

19 473

22 673

25 970

26 790

30.019

32,180

3_h_851
27,205

__ (_)

82.3

75.0

50.4

60.3

148.0

46.0

44.5

139.1

-12.5

43.2

52.5

EMPLOYMENT
(THO_ANDS)

1972 19_

6.7 6.9

9.6 7.6

13.3 15.2

32.9 31.7

32.8 36.7

51.2 52.8

46.3 46.3

45.5 47. I

69.6 68.7

41.0 37.0

348.9 349.9

3.0

-20.8

14.3

-3.6

11.9

3.1

0.0

3.5

-I .3

-9.7

0.29

SOURCE: ARTHUR D. LITI_, INCORPORATED

TABLE 9-8

PHYSICAL PRODUCTIVITY F0H MODEL NEWSPAPERS

PUBLISHED

PAGES_ YEAR

MILLION PRINTED

PAGES/MAN YEAR

MILLION DELI_

PAGES/MAN YEAR

_ _BAN

_PAP_

134

34

19

IANGE

M_OPOLITAN

_P_

135

160

96

SOURCE: ARTHUR D. LITIIE, INCORPORATED

9-12



Large Metropolitan Daily

Depreciation, Taxes, etc. 1%

::::::::::::::::::::::::::\ Finished
Product

$883 per
Published

Page

Small Urban Daily

Depreciation, Taxes, etc. 8%

Yf/fffA \

Dell ve r y _toirn: ::_

Finished
Product

$352 per
Published

Page

Figure 9-1. Major Cost Elements for Newspaper
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suppliers are well aware of its large market potential and exert

considerable time and money to advance the technology used by the

industry. Moreover, in recent years industry expenditures have

frequently been in anticipation of customer needs rather than in

response to them; i.e., technology from outside the industry has

stimulated change. It is expected that this situation will con-

tinue.

The technology of a printing process or printed product can

be divided into the following three major technological areas.

Prepress--those technologies that assemble information

on a printing plate.

Prlntlng--the mechanical process that prints (repro-

duces) multiple copies of the plate image, and

@ Product Assembly--the mechanical process

structs the newspaper, magazine, book, etc.

that con-

Table 9-9 outlines the technologies currently being adopted

in newspaper publishing and printing. Traditionally, newspapers

were produced by a mechanical process, "paste up," that was high-

ly labor intensive. In the last two decades, photomechanical

prepress systems have begun to erode the role of labor in large

newspapers. More recently electronic prepress systems have im-

pacted the traditional time and labor constraints of large and

small newspapers. Today a press-ready printing plate can be

assembled and prepared directly from a computer. The overall

result of this electronic information handling technology is to

vastly reduce labor and to increase the capability to deliver

world wide news and advertising in a small fraction of the time

required I0 or 20 years ago.

For example, Table 9-10 illustrates how these current tech-

nologies can affect the operating costs of a large city newspa-
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TABLE 9-9

PRINCIPAL SHORT AND MEDIUM TERM TECHNOLOGIES ENTERING

NDISPAPER PUBLISHING AND PRINTING (SIC 271)

TECHNOLOGY DESCRIPTION PRINCIPAL IMPACT

_L'TRONIC O_I_X_ITION

• TYPESETTING AUTOMATIC£LLY P_- INCREASED LABOR
COMPUTERS FORMS TYPESETTING PRODUCTIVITY

TASKS.

@ VIDEO DISPLAY ALLOWS CONTROL OVER INCREASE_) LABOR

T_INAI_ ENTERING, ODRR_CTING, PRODt_TIVITY
AND EDITING COPY

B_ORE TYPESEITING.

• PHOTOTYPESE'mNO

DATA _ION

W

@ OPTICAL O_RA_

RECOGNITION SCA]_q_s

FOR TYPESETIXNU

• ELECTRONIC SCANNERS

Mn_op_sEr PRINTINU

BINDING OP_qATIONS

SETS TYPE ON FILM OR
PHOTOSENSITIVE PKPE_

OFFERS FLEXIBILITY IN
CHANGING TYPE STYLES

AND SIZES.

TRANSMISSION OF MEDIA

THROUGH MICR(_AFE

STATIONS AND COMMUNICA-

TION SATELLITES CAN
ACCOMMODATE AUTOMATIC

SCANNING AND PLATE-

MAKING _QUIP_.

S_ES _

NAT_%TAL AND _
THE INFO_TION INTO

DIGITAL SIGNALB.

_c BRFAKIX_
OFTI_XDRS INA
PHOTOGRAPH ]:O_SULTING
DI A SET OF PRI_PII_
PLA'I'F_.

PHOTOGRAPHICALLY
PBOCESSED LIGRTWEIGRT

FRLVlX_JG PLA _"_E_

PRINTING ON A CONTIN-
UOL_ ROLL OF P_.

TECHNOIDGICAL IMPROVE-

M_2qTS _HAT CO_INE

SEPARATE BINDING OPEN-
ATIONS AND AtrlDMATIC

CONTROLS.

AUTOP_TIC _TYPING;

COUNTERSTACKINU, AND
SUP_ I_TION

MACKINES, Af_ INCORPORA-
TION O_ NI_ TO

NA_ AND DISPATCH

OP_ATION_.

INCREASED PRODUCT
FLEXIBILIT_ AND

QUALITY

INCREASED LABOR
PRODUCTIVITY

_ L_B08
PRODUCTIVITY

INCREASED P_DDUCT

_JALITY

PRINTING

PRO_

INCREASED PRINTING
PRODUCTIVITY

DECRFASE IN
BINDING

£PPROXIMATE ERA OF SIGNIFICANT DIFFUSION

1990 1970 1980 1990
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TABLE 9-10

COMPARATIVE TECHNOLOGY OPERATING COSTS

TSADITIONAL

l_[mmmn&_

( 1972 VINTAGE)
$/YF_ S/PUBLISHED
(000) PAGE

USING

(_IRRI_T I'JE_B{)IZ}GI

(1972 $)

S/YEAR S/PUBLISHED
(000 ) PAGE

NEWS-EDITORIAL 5,253.6 137 •94 5,428.5 142.53

ADVERTISING 2,745.5 72.09 3,066.7 80.52

COMPOSITION 5,580.9 146.53 I,793. I 47.08

ENGRAVING/CAMERA 339.8 8.92 405.6 I0.65
STEREOTYPING/

PLAT_I_KING 1,036.3 27.21 1,601.3 42.04

PRESSROOM 2,214.0 58.13 2,327.4 61 .11
CIRCULATION/

DISTRIBUTION 3,944.0 103.56 3,944.0 103.56

N_SPRINT 16,181.3 424.86 15,048.4 395.12

TOTAL OP_K_TING

OOSTS 37,321.0 979.91 33,615.0 882.61

SOURCE: ARTHUR D. LITTLE, INCORPORATED
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per, with a total circulation of 260,000. The data indicate that

almost $4 million/year in operating costs can be saved at an

estimated investment of about $2.5 million.

Electronic technologies have essentially eliminated the

original printing process and given birth to new processes.

Offset printing thus predominates in newspaper production systems

today, because offset plates are very compatible with electronic

prepress systems, particularly those with laser output. However,

direct letterpress and flexographic photopolymer plates (a rubber

letter press type), are economically efficient because they can

be linked to electronic prepress systems via conventional photo-

graphic technology.

While the electronic revolution has changed prepress opera-

tions, the printing operation itself is still largely an automat-

ed mechanical process, controlled by the high-speed dynamics of

converting a roll of newsprint into a finished newspaper.

Unfortunately, automation and mechanical techniques end when

the newspapers are finally loaded on a truck by a computerized

conveyor system. Local transportation and hand delivery become

the operative factors at this point.

B.9.2 COMMERCIAL PRINTING (SIC 275)

The commercial printing subdivision is composed of estab-

lishments largely concerned with printing as opposed to publish-

ing. The major products of this subdivision include advertising

matter, periodical printing, general Jobs, financial and legal

printing, labels, catalogs and directories.

The subdivision's business and structural profiles are sum-

marized in Tables 9-11 and 9-12, respectively. Table 9-11 indi-

cates that receipts have increased by only 19% from $9.1 billion
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TABLE9-11

BUSINESS PROFILE OF THE

_CIAL PRINTING INDUSTRY (SIC 275)

P_ (BILLION $)

CURRENT$
1972 $

1972 1977 1979 1981 1983

9.----T _ I-_ 23.1

9. I 9.6 10.3 10.8 11.0

TOTg. _II'LI]_IBIT

(_OUSANDS)
334.5 346.2 392.8 411.3 436.0

Index 1977 . 100

140_

120_- Output

100 Output/Employee Hour

8O

6O

40 J t
1958 1862 1988

1 I I
1970 1974 1978 1982

VALUE OFPL_, 1976, CURRENT $, BILLION

CAPITAL _IT_E3, CURRENT $, BILLION

1977

4.5

1981

1.2

SOURCES: U.S. DOC/BOC: CENSUS OF MANUFACTURES

U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK
U.S. DOL/BLS

ARTHUR D. LITTLE, INCORPORATED
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TABLE 9-12

STRU_ PROFILE OF THE

COMMERCIAL PRINTING INDUSTRY (SIC 275)

ESTA_LIS_rfS (1977)
(CATEGORIZED BY NO.

OF _VlPLOYEES)

(<20)
INTERMEDIATE

(20-1000)

LARGE (>I000)

TOTAL

(26,109 COMPANIES)

23,177

3,626
12

26,815

NAME

LEADINU _ (1983)

DOMESTICALLY
GENERATED

SALES (SMILLION)

R.R.DO_

MEREDITH CORP.

W.A.KRUEGER

_ATIONAL BANK NOTE

PANDICK, INC.

1,268

273
182

165

21

TOTAL 1,909

_ON COST

D_ON,

I,R_G.LABOR

OTH_

LABOR MATERIAL$ ENERGY CAPITAL

1977 22% 10% 42% 1% 25%

SOURCES: U.S. DOC/BOC: CENSUS OF MANUFACTURES

V_LINE INVESTMENT SURVEY, 1984
ARTHUR D. LI_, INCORPORATED
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to $10.8 billion (constant 1972 $) from 1972 to 1983. Employment

increased by 30% during the same time period. Output per

employee hour has dropped in the last few years indicating a

slight decrease in labor productivity. As shown in Table 9-12,

the industry is dominated by five major firms. Most companies

seem to be single establishment organizations (26,109 companies

versus 26,815 establishments). Materials and labor account for

most of the production costs at 42% and 32%, respectively.

As shown in Table 9-13, three institutional constraints seem

to affect the industry. Although printers did not experience any

major problems with input materials and supplies in 1983, past

instances of paper and pressroom chemical shortages have

occurred, causing severe production disruptions. A lack of

skilled workers in some segments of the industry may create

bottlenecks as demand for printing services continue to rise.

More importantly, the corporate structure of the industry,

with its high degree of fragmentation and one-to-one correspon-

dence of company and establishment, limits the amount of internal

R&D effort. The industry must rely on external sources for tech-

nological developments. Because of small company size and volume

and lack of expertise, commercial printers may purchase many

prepress services, particularly for color. Technology cost

effectiveness becomes a key issue. New, specialized technologies

may not be practical or economically feasible.

Competitive Issues Affectin_ the Commercial Printin6 Industry

Printed products are traded internationally, primarily for

their unique content, rather than for reasons of economics.

Books constitute the greatest share of U.S. printing exports and

imports. For obvious linguistic reasons, Canada and the United

Kingdom are the primary foreign markets and suppliers.
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TAB_ 9-13

DOMINANT CONSTRAINTS AFFECTING THE

COM_ERCIAL PRINTING INDUSTRY (SIC 275)

MATERIAL PRECEDENTS EXIST FOR MATERIAL
SHORTAGES IN PAPER AND PRESS

ROOM CHEMICALS.

LACK OF SKILU_) W[IhK_%S SHORTAGES OF SOME OCCUPA-

TIONAL SKILLS IN SELECTED AREAS

_"TABLI_ GR_ON THE SMALL CORPORATE AND
ESTABLI_ SIZE AND THE

EXTREME AMOUNT OF FRACaEN-

TATION PRECLUDES THE OPPOR-

TUNITY FOR INTRA-INDUSTRY R&D

ACTIVITIES. THIS SITUATION

ALSO LENDS TO THE LACK OF

JUSTIFICATION FOR IN-HOUSE

TECHNOLOGY APPLICATIONS BECAUSE

OF S_4ALL VOLUME.

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

ARTHUR D. LITTLE, INCORPORATED

9-21



However, foreign trade in printing represents a relatively

small fraction of the total industry production. Of more impor-

tance is the domestic competition represented by consumer elec-

tronic information delivery and newspapers. To hold existing

markets and expand into new areas, printing companies will need

to use the most efficient, productive machinery and employ ag-

gressive, well-trained personnel specializing in marketing and

new product development. Consumers will increase their demand

for the latest, most advanced products that use modern tech-

niques. Printers will have to develop flexibility in order to

meet these demands.

Productivity in Commercial Printing

Productivity measures for commercial printing processes are

easier to discern than in newspapers, since these processes do

not involve the publishing aspect. Large establishments of over

500 employees had the largest increases in productivity averaging

73%. Smaller firms experienced smaller growth rates in produc-

tivity, ranging from 24 to 33%. Since the industry is dominated

by small firms unable to benefit from economies of scale as in

larger firms and currently unable to afford the state-of-the-art

machinery that would bolster their productivity rates considerab-

ly, productivity growth will continue to be restricted.

Role of Technology in Lon_-term Strategic Outlook

Historically, printing technologies evolve slowly and pain-

fully because of the large production network of which they are a

part and because their productive value is measured subjectively.

This is particularly true with color printing in which any subtle

change in one color can completely change the overall aesthetic

quality of the product. For example, it took ten years of trial

and error by printers and equipment vendors to demonstrate the

technical and economic feasibility of partially integrated pre-

press text-processing sytems.
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Table 9-14 suggests the possible scope of technological

advances in the commercial printing industry with regards to the

three categories of operation: prepress, printing, and assem-

bly. More specific technological advances will be similar to
those found in the newspaper industry (see Table 9-9).

B.9.3 CONCLUSIONS

The subdivisions of the printing and publishing industry do

not show the characteristics of "sunrise" or "sunset" industries,

rather those of mature industries maintaining a linear advance-

ment. Small increases in volume and productivity have helped to

offset the effects of the recent recession and competition from

other media.

Core problems will continue to affect the industry.

include:

These

Poor product delivery via manual and local transporta-

tion means;

Small incremental increases in productivity rather than

significant gains;

Increased competition with

changing consumer preferences;

electronic media and

• Lack of internal R&D programs.

Although the fragmented industry will not likely initiate

technological development, it will continue to implement the

technologies supplied by highly specialized domestic or foreign

private companies. This will particularly include those advances

that benefit prepress operations. Foreign technologies will play

an increasingly important role, especially those from Great

Britain, Germany, Japan and Israel.
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TABLE 9- !4

T_CHNOLOGICAL ADVANCES IN THE

COMMERCIAL PRINTING INDUSTRY (SIC 275)

• INCREASED USE OF _EL-_ONIC COLOR

• ELECTRONIC PAGINATION AND IMPOSITION OF COLOR

• SEVERAL OPTIONS FOR COMPUTER-TO-PLATE FOR

COLOR PRINTING

• CLOSED LOOP SENSING AND CONTROL FOR COLOR

PRINTING

• POTI_TIAL _ULTI-PLANT PRINTING CAPABILITY VIA
ELECTRONIC OR SATELLITE COMMUNICATION

ASS_43LY

• MORE COMPLETE AUTOMATION VIA ELECTRONIC SENSING

AND CONTROLS

SOURCE: ARTHUR D. LI_rLE, INCORPORATED

TABLE 9-15

REI.ATIVE LEVELS OF TECHNOLOGY IN PRINTING

1984

PRF,- PRE-

NEWSPAPERS HIGH LOW NIL SLIGHTLY
HIGHER

PERIODICALS HIGH MODERATE LOW VERY
HIGH

ODMMERCIAL HIGH MODERATE LOW VERY
PRINTING HIGH

2010

PRIFr

MODERATE
INCREASE

MODERATE
INCREASE

MODERATE
INCREASE

NIL

MODERATE

INCREASE

MODERATE
INCREASE

SOURCE: ARTHUR D. LITI_LE, INCORPORATED
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Electronic technology will continue to affect the processes

involved in printing, especially at the prepress stage. Table 9-

15 illustrates the relative levels of technological diffusion now

and in the year 2010. Electronic graphic techniques will con-

tinue to evolve slowly. Possible advances may include digital

colored image processing.

Clearly, print is faced with competitive technology that can

deliver information to the consumer faster than printers can

deliver hard copy. Consumer preference will be a key issue.

Imposed on that will be the perception of the advertiser and

publisher of how best to present and sell their information,

Print may erode slowly in the face of consumer electronic

information delivery as advertising dollars are diverted from

print to electronic media, but technological advances will also

help printing and publishing to maintain a competitive posture.
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B.10 "PAPER AND ALLIED PRODUCT3" (SIC 26)

Paper and allied products, SIC 26, comprises the tenth larg-

est manufacturing subsector. Its value added accounted for 3.7%

of the manufacturing sector's contribution to GDP in 1980. The

subsector is characterized by:

A moderate degree of fragmentation. Out of a total of

approximately 6,500 establishments, 2,500 employed less

than 20 persons (1977).

A labor productivity of $25,808 per employee year or

$13.44 per employee hour (1980, 1972 $), ranking this

subsector fifth among the nation's 20 manufacturing

subsectors. A compound annual labor productivity

growth rate average of 2.8%/year from 1972 to 1980

ranks this subsector second. The labor productivity

for the comparable Japanese subsector was $12,459 per

employee year or $6.49 per employee hour (1980, 1972

$), ranking this subsector ninth among Japan's 20 manu-

facturing subsectors. The compound annual labor pro-

ductivity growth rate for the Japanese subsector aver-

aged 5.0%/year from 1972 to 1980, ranking this subsec-

tor tenth.

A higher than average capital investment base relative

to other subsectors within the manufacturing sector.

Capital investment amounted to $36,632 in total assets

per worker, ranking third in terms of (depreciated)

fixed assets (1980, 1972 $). New yearly capital ex-

penditures were $4,447 per employee (1980, 1972 $),

ranking third in the manufacturing sector. Total capi-

tal productivity, measured as dollars of added value

output per dollar of capital investment, was 0.43

(1980).
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A less than average R&D program. For the subsector as

a whole, R&D expenditures amounted to $0.3 billion

(1980, 1972 $), ranking this subsector eleventh among

the 20 manufacturing subsectors. R&D expenditures were

equivalent to 1.7% of the value added by the subsector

in 1980.

Table I0-i shows the major products of each subdivision of

the paper and allied products subsector, ranked in descending

order in terms of their share of the subsector's contribution to

GDP in 1980. Table 10-2 summaries the principal economic meas-

ures of these subdivisions.

As shown, three subdivisions--Miscellaneous Converted Paper

Products (SIC 264); Papermills, except Building Paper (SIC 262);

and Paperboard Containers and Boxes (SIC 265)--accounted for

82.1% of the subsector's output in 1980. In assessing long-term

technology needs, we have selected these three subdivisions for

further analysis.

The business and structural profiles of the subdivisions

will be examined independently, while constraints and technolo-

gies will encompass the entire subsector.

B.10.1 MISCELLANEOUS CONVERTED PAPER PRODUCTS (SIC 264)

The miscellaneous converted paper products industry manufac-

tures a wide variety of products including adhesive tape, enve-

lopes, bags, egg cartons, paper plates, facial tissue, stationery

and wallpaper. The major markets for this industry are consumer

retail outlets, all manufacturing and service industries, and the

construction industry.

The subdivision's historical and current posture is summar-

ized in Tables 10-3 and 10-4, which portray the industry's busi-

ness and structural profiles, respectively. Table 10-3 shows
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TABLE i0-I

CLASSIFIOATION OF MAJCR PRODUCTS OF THE

PAI"_ AI_ _ PRODUCTS INDUSTRY (SIC 26)

AhD CONTRIBUTION TO SUBSECTOR IN 1980

SUBDIVISION DESIGNATION

SIC OODE AND TYPICAL PRODUCTS % CONTRIBUTED

264 _ CONV_) _ 34.3

BOOKPAP_, _YPAP_, TAPE,
_, WAXED PAP_,

_TVEIDPES, BAGS, CARDBOARD,
EGG CARTOn, DISHES, TISSUES,
TOI_-T PAPER, STATI_Y, AND
_COMBS.

BAG P_, NEWSPRINT, WALLPAP_
STOCK, TASBOARD, PRINTING PAPER,
TISSUE PAPERSTOCK, AND CIGARETI_
PAPER.

265 PAI_KNU_DGONTAIN_3 Nq) B[_ES 21.8

I_DLDINO PAP_BOARD BOXES, _-T-UP
PAI:'I_BOaJ_'HDBOXES, CORRUOA'I'_DBOXES,
SOLID FI_ BOXES.

263 P_D_L[Z 12.9

BIND_%S BOARD, CHIPBOARD, FOLDING
BOXBOARnS, MILK CARTON BOARD,

BOARD, AND TAGBOARD.

261 P[LPHII2LS 4.3

FIBER PULP, PAYON }_7__, WOOD
PULP, AND PUIP.

266 _OILDI]_&_)BOW&I_[]],[_ 0.7

ASBESTOS PAPEr, ASPHALT P_P_,
D_Y PELTS.

26 _ PAI']g__ _ _ i00.0

SOURCES: U.S. DOC/BOC: STATISTICAL _CT C_ THE U.S., 1984
EOP/OMB: STANDARD INDUSTRIAL CLASSIFICATION MAh_JAL, 1972
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TABLE10-3

BUSINESS PROFILE OF THE MISCELLANEOUS

CONV_I'_I) PAPER PRODUCTS INDUSTRY (SIC 264)

(BILLION $) 1972 1977 1979 1981 1983 1984 EST.

CURRENT $ _.5 _ 21.2 _ 27.3 --

1972 $ 8.5 9.6 10.3 10.3 10.4 10.8

( THOUSANDS )

Index 1977-- 100

189.1 206.7 230.2 221.5 218.3 221.6

100

80

60 _ Output

.°f
20 1 I i 1 ]

1962 1986 1970 1874 19781888

Source: Unpublished BLS Data

VALUE OP I_, 1976, CUPaENT $ BILLION

_CAPITAL_I_,
CURRENT $, BILLION

4.0

1977 1981

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S. DOC/BOC: CENSUS OF MANUFACI'JRF_, 1977
VALUE-LINE INVESTMENT SURVEY, 1984
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TABLE 10-4

STRUCR_-RAL PROFILE OF THE

MISCEI_US CONVERTS) PAPER PRODUCTS INDUS_IB_ (SIC 264)

EST._IKJ._fI_ (1977)

(CATEGORIZED BY NO.

OF I_4PLOYEES)

(>20) 1558
INTE_IATE

(20-1000) 1422

LARGE (<I000) 14

TOTAL 2994

(2323 COMPANIES)

_n_ wn_m (1983)

NAME

KIMBERLY-CLARK CORP.

INTERNATIONAL PAP_

CHAMPION INTERNATIONAL

JAMES _ CORP. OF VA

ST. REGIS CORP.

MEAD CORP.

WEYERHAEUSER CO.

DOMESTICALLY
PRODUCED

SALES ($ BILLIONS)
2.6

2.1

1.9
1.6

1.4

1.2

1.2

TOTAL 12.0

PROD_ION COST

D_OB, 1977

OTHER

MFG. L_BOR _ MATERIALS

11% 57 55%
I_GY CAPITAL

_T 28%

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL GUTLOOK

U.S. DOCIBOC: CENSUS OF MANUFA_, 1977
VALUE-LINE INVESTMENT SURVEY, 1984
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that industry shipments, expressed in constant 1972 dollars, have

increased only 22% in eleven years, from $8.5 billion in 1972 to

$10.4 billion in 1983. The 1984 forecast is for shipments of

$10.8 billion (in 1972 $), an increase of 3.8% over 1983. Em-

ployment has steadily increased, rising 15.4% from 189,000 in

1972 to 218,300 in 1983. Labor productivity, i.e., output per

employee hour, has steadily increased.

Table 10-4 shows that the miscellaneous converted paper

products industry is comprised of 2980 small and intermediate

establishments. The 14 large establishments account for almost

half of the domestically produced sales. The cost of finished

products is dominated by the cost of input material (55%);

manufacturing labor accounts for 11% of total costs.

The two largest industries of this subdivision, based on the

Value of shipments, are sanitary paper products (SIC 2647) and

paper coating and glazing (SIC 2641). Sanitary paper products is

the only industry in the paper and allied products subsector that

did not suffer during the recession of the early 1980s, with the

value of shipments showing modest increases of 2% in 1982 and 3%

in 1983. For the most part its product lines, which are of a

nondiscretionary nature, have reached market saturation level

and, therefore, do not show large gains. The exception is dis-

posable diapers, which continues to show yearly growth.

Due to the large consumer market for the products of this

industry, most of the technological developments are those which

lead to lower "per unit" costs as well as technological improve-

ments which increase the strength, softness and absorbency of the

paper.

Paper coating and glazing (SIC 2641), the second largest

industry within this subdivision, produces principally tapes

(both paper and nonpaper), labels, and goods that are coated,

laminated, impregnated or surface-treated. The recent develop-
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ment of repulpable tape for industrial use, for which the princi-

pal markets are the U.S.S.R., Canada, F.R. Germany, and Japan,
has allowed the industry to show continued gains in export

volumes. Paper coating and glazing is concentrating on the

development of new industrial and consumer markets, increasing

the use of automated tape and label application, and on the use

of computerized-label imprinting equipment.

B.10.2 PAPERBOARD CONTAINERS AND BOXES (SIC 265)

The paperboard containers and boxes subdivision is comprised

of establishments that manufacture folding paperboard boxes, set-

up paperboard boxes, corrugated and solid fiber boxes, sanitary

food containers, and fiber cans, tubes, and drums. Business and

structural profiles of the paperboard containers and boxes sub-

division are summarized in Tables 10-5 and 10-6.

Table 10-5 shows that industry shipments have increased by

only 6.6%, measured in 1972 constant dollars, from $8.1 billion

in 1972 to $8.6 billion in 1983. In 1977 and 1979, however,

shipments were $9.1 and $9.2 billion respectively. Shipments in

1981 decreased to $8.7 billion and to $8.6 in 1983. Employment

has steadily decreased, dropping 14.5% from 223,700 in 1972 to

191,200 in 1983. Employment is expected to increase in 1984 to

194,900.

The output of folding paperboard boxes increased between

1963 and 1982 at an average annual rate of 6%. The period be-

tween 1963 and 1973 showed an average gain of only 0.3% per year,

but from 1973 to 1982 the rate rose to an average of 0.9% per

year. The low annual growth rate was a result of changes in

product mix and the use of less dense boxes, which lowered ton-

nage figures.

The output for the 1982-87 period is projected to increase

at an annual rate of 1.2%. However, the increasing use of plas-
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TABLE 10-5

BUSINESS PROFILE OF THE

PAPERBOARD CONTAINERS AND BOXES INDUSTRY (SIC 265)

(BILLION $)

CURRENT $
1972 $

TOTAL _

(THOUSANDS )

1972 1977 1979 1981 1983 1984 EST.
ZYY_ 1_-7_ 15.-7_ 19.---_19._ --
8.i0 9.12 9.20 8.73 8.64 8.92

223.7 204.1 209.0 199.8 191.2 194.9

Index 1977-100

120

100
Output Per Employee Hour

80

80

20 I I
1968 1962 1966

Source: Unpublished BL8 Data

I I I
1970 1974 1978

YM/E OP PLANT, 1976, O[PaENT $, BILLION

CI_ $, BILLION

4.3

1977 1981

0.51 0.5O

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OVIL(K)K

U.S. DOC/BOC: CENSUS OF MANUFACqZ;RES, 1977
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TABLE 10-6

STHUC'I%IRALPROFILE OF THE

PAPERBOAHD CONTAINERS AND BOXES INDUSTRY (SIC 265)

m_TAELULqltE_J_ (1977)

(CATEC-ORIZ_D BY NO.
oF  PLOYE )

S_J_L (<20) 910
INTEHMEDIATE

(20-1000) 1945
LARGE (>1000) 5

TOTAL 2860

(1794 COMPANIES)

_ON (X]ST

D_OM, 1977 13_

[.FADII_ _ (1983)
_CALLY

PI_ODUCED

NAME SALES ($ MILLION)

INTErnATIONAL PAP_ CO. 1524.95

ST. REGIS CORP. 943.36
CHAMPION INTERNATIONAL 810.16

_S_ COMPANY 781.22

UNION CAMP CORPORATION 641.55

MEAD CORPORATION 591.65

YOTAL 591.65

OTHER

MFG. [ABOR LABOR MATERIALS

_'_ 59%

ENERGY CAPITAL

20 ,

SOUROF_,S: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUT[XX)K

U.S. DOC/BOC: CENSUS OF MANUFA_, 1977

VALUE-LINE I_ SURVEY, 1984
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tics and other substitute materials may limit the growth of fold-

ing paperboard boxes.

Productivity in the folding paperboard boxes industry be-

tween 1963 and 1982 increased at an average annual rate of 1.9%

based on output per employee hour. During the same period pro-

ductivity for manufacturing as a whole, however, increased at an

average annual rate of 2.3%. During 1970 and 1976 productivity

rose at an annual rate of 3.0%. This productivity gain was due

to the introduction of improved technology and production

methods. The incentive to adopt more efficient technology was

initiated by competition from substitute materials.

Table 10-6 indicates that the four largest firms in the

folding paperboard box industry account for 22% of total annual

shipments. Approximately 43% of the volume of these shipments

are used in the packaging of food and beverages.

The two largest industries in this subdivision, based on the

value of shipments, are corrugated and solid fiber boxes (SIC

2653) and folding paperboard boxes (SIC 2651). The corrugated

and solid fiber boxes industry includes an estimated 850 to 875

companies that operate 631 corrugating or converting establish-

ments and 748 sheeting facilities that purchase corrugated board

from converters and manufacture boxes from that board. The con-

verting establishments require higher capital costs because of

sophisticated technologies used in their operations. Converting

establishments accommodate high-volume and long-run orders,

whereas sheeting establishments are designed to accommodate

small, specialty orders.

The growth of the folding paperboard and corrugated and

solid-fiber box industries in the future will depend on several

factors: the strength of competition from plastics and other

types of paperboard containers; implementation of computerization

and automatic packaging machinery and equipment; continuing

i0-ii



development of the cold corrugating process; and development off

increased container board strengths.

B.10.3 PULP, PAPER, AND BOARD MILLS (SICs 2611, 2621 t

2631, 2661)

The pulp, paper and board mills industries manufacture pulp,

paper, paperboard, and paper building board from wood or other

materials. The business and structural profiles of these indus-

tries are summarized in Tables 10-7 and 10-8.

At the present time these industries are healthy. Table I0-

7 indicates that shipments of wood pulp increased by 5.6% and

those of paper and board products by 7.3_ in 1982. This pattern

is expected to continue through 1988 with an average annual

growth rate of 2.6%. Market demand (both foreign and domestic)

and foreign market competition will influence these growth rate

projections, which are lower than previously anticipated because

of a slowdown in overall economic growth. These industries will

be compelled to intensify the development of cost-saving tech-

niques to ensure the fulfillment of these growth rate

projections.

Table 10-8 indicates the pulp, paper and board industries

are heavy users of energy. At the present time, approximately

50_ of the Industry's energy requirements are obtained from gen-

erated wastes and residues. However, the industry is also a

heavy user of natural gas and fuel oils. It is therefore impor-

tant to develop technologies that would reduce this energy con-

sumption, especially if energy prices become deregulated.

The pulp and paperboard industries have invested a great

deal of money in upgrading operating facilities to meet current

air, water and solid waste environmental standards. The higher

costs of paperboard materials that result from thls investment

make it difficult to compete in thlrd-world markets where envl-
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TABLE10--7

BUSINEEB PROFILE OF THE

PULPMILLS_ PAP_I MILLS_ AN) BOARD MILLS INDUSTRIES

(SICs 2611_ 2621_ 2631_ 2661)

i

(BILLION $)
CURRENT $
1972 $

1972 1977 1979 1981 1983 1984 EST.

11.7 -_ _ _ _ --

11.7 13.3 14.4 14.6 14.9 15.7

TOTAL _O_4T
'I?IOUSANDS

Index 1877 = 100

180

110

8O

7O

60

220.6 217.8 218.5 214.5 202.6 208.2

Output Per Employee Hour

so I f I [ ] I
1064 1868 1862 1966 1870 1974 1978 1982

Source: Published BL8 Data

VALUE OF PIANT, 1976, CURRENT $, BILLION 20.0

NEd CAPITAL EKP_I'I_JI_S

CURRENT $, BILLION
1977 1981

2.37

AVI_AGE ANNUAL _ OF FOLLOTION

(MILLION 1972 $)
1970-78 1980-90

46.4 153.6

AIR 1972-78 1981-90

WATER 158.2 373.8

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK
U.S. DOC/BOC: CENSUS OF MANUFA_

EPA: 1984 COST OF CLEAN AIR AND WATER REPORT TO CONGRESS
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TABLE10-8

STRU_ PROFILE OF THE

PULPMILLS_ PAP_ MILLS t AND BOARD MILLS INDUSTRIES

(SIOs 2611 t 2621_ 2631 t 2661)

ESTAI_ (1977)

(CATEGORIZe) BY NO.

OF BmLOYEES)

SMALL (<20)
IN_D_ATE
(20-1000)

U_RGE (>1ooo)

TOTAL

(337 COMPANIES)

77

562
52

691

U_m.DI_ _ (1983)
DOMESTICALLY

PI_DUOED
NAME SALES ($ MILLION)

GEORGIA-PACIFIO 1,674

GREAT NORTH _KOOSA I,126
FEDERAL PAPER BOARD (30. 273
STONE CONTAINER 268

LOUISIANA-PACIFIC 165

TOTAL 3,506

PIDIXIOTION _

D_OII, 1977

MFG. LABOR

13%

OTHER

MATERIALS I_%]ERGY CAPITAL

_-_ 46% ii_[ 26%

SOURCES: U.S. IX)C/BE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S. DOC/BOC: CENSUS OF MANUFACTURKS, 1977

VALUE-LINE INVESTMENP SURVEY, 1984
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ronmental standards are more lenient. Therefore, to improve its

competitive position, the industry must develop new inexpensive

technologies to meet environmental standards and lower pollution

abatement costs.

B.10.4 CONSTRAINTS AND COMPETITIVE ISSUES

There are three dominant institutional factors which

Influence/constrain the paper and allied products industry.

Table 10-9 indicates that the industry is strongly affected by

government regulations, in particular those from the Environ-

mental Protection Agency. Between 1970 and 1978 the average

annual cost of pollution control was $46.4 million for air and

$158.2 million for water (1972 $). It is projected that the

average annual cost between 1981 and 1990 will rise to $153.6

million for air and $373.8 million for water. The paper industry

is the largest user of water for processing purposes among all

the U.S. manufacturing industries. As a result, the industry is

affected by stricter state and federal government clean water

standards. Also stricter regulations regarding air quality and

solid waste have also affected the industry. As a result of the

stricter regulations, capital requirements for new pollution

abatement facilities have increased operating costs and capital

intensity.

Energy costs for production are high for this industry,

especially for the wood pulp and paper pulp subdivisions where

energy costs are 11% of total production costs. The paper indus-

try is one of the ten most energy intensive industries. It is a

heavy user of natural gas and residual oils and as such will face

higher costs if these are totally deregulated. At the same time,

however, the industry is in a favorable position to enjoy the

economic benefits available through cogeneration of steam and

electricity.
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TABLE10-9

DOMINANT CONSTRAINTS AFFECTING %'HE PAP_ A_D ALLIED

PRODUCTS INDU_I_Y (SIC 26)

NUMEROUS REGULATIONS EEALING WITH AIR

AND WATER POLLUTION CONTROL AFFECT EACH

SUBDIVISION TO VARYING DEGREES.

PRI(ZS PRODUCTION COSTS AFF_I'_U BY OIL, COAL,

GAS, AND ELECTRICITY COSTS. _ERGY

REQU_ IN 1977 FOR PRODUCTION

ACCOUNTED FOR $2.7 BILLION C_ 5.3% OF
SHIPMENTS.

CmPITAL DN_'_Im_ CAPITAL _ AMOUNTED TO $36,632
(1980, 1972 $) IN TOTAL ASSETS P_R
WORKER.
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Table I0-I0 outlines the export and import statistics of the

paper and allied products sector. Exports play an important role

in this industry even though the industry is mainly aimed at

satisfying the domestic market. The U.S. is a major world sup-

plier of bleached sulfate pulp, linerboard, dissolving pulp,

wastepaper, printing and writing paper, and special foodboard.

Wastepaper exports have shown the fastest growth profile among

the major pulp and paper trading items, climbing 40% during the

1981-83 period and accounting for 50% of the total dollar value

of 1983 exports. The leading regional foreign markets for U.S.

paper exports are Southeast Asia, Eastern Europe, Mexico, and

Central America. The leading country markets for U.S. exports of

paper products are Japan and Canada. Japan accounted for 14% of

the total value of exports ($629 million), while Canada accounted

for 13.6%.

The U.S. is, however, a net importer of newsprint and wood

pulp from Canada. The charts in Table I0-I0 compare the produc-

tion of newsprint in the U.S. and in Canada and the U.S. consump-

tion and imports of newsprint. The escalating imports of news-

print, uncoated printing and writing papers, and wrapping papers

have contributed to the growing trade imbalance in the paper and

allied products industry.

B.10.5 ROLE OF TECHNOLOGY IN LONG-TERM STRATEGIC OUTLOOK

Technological developments in many of the paper and allied

products industries are aimed at improving already existing tech-

nology to increase productivity, improve quality, and save raw

materials. For instance, in sanitary paper products, new devel-

opments are largely those that lead to lower unit costs or im-

provements in the strength, softness, or absorbency of the paper.

New technological developments have diffused into the paper-

board box industry more slowly than into most other manufacturing

subsectors. To cope with competition from plastics and other
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TABLEI0-i0

C_ETITIVE POSTURE OF THE PAP_ AND ALLIED

PRODUCTS INDUSTRY (SIC 26)

EXI_, (BILLION) 1972 1977 1979 1981 1983
Ot_$ i.i "_ 3.2 --4-?8- --_

ANNUAL GROW%_
RA_E

1972-83

13.43%

_,(BILLION)
CURRENTS 1.8 3.6 5.0 5.8 5.6 i0.87%

EKI:_]RTI_B_S FJLTIO 0.02 0.05 0.05 0.06 0.05

mmm_/tew _ RA._O 0.06 0.06 0.07

Millions of 8hort Tons

lO_

0.07 0.06

=

8_
E /

E

=

Canada

4_- u.s.

=;-

O_ _ 1 I t J I I r I f I I I I F I I I I ;
1960 1966 1970 1976 1960

Source: U.S. DOC/BOC:1984 Statistical Abstract

COHSUflPI_OH & _

Millions of Short Tons
12_

e_-_ "_ Imports

=[

ol
1960 1968 1970 1976

Source: U.S. DOCIBOC:1984 Statistical Abstract

' i ! i I [ I l [ I I i I I I 1 [ I I I 1
1080

SOURCES: U.S DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S DOC/BOC: STATISTICAL ABSTRACT OF THE U.S., 1984
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materials, the industry must increase technological development,

thus addressing at the same time the demands of the major indus-

trial markets (i.e., food and beverage, stone, clay and glass,

and electrical machinery and equipment) and its need to raise

productivity. Some of the major changes taking placing in the

industry are listed in Table i0-ii.

The continued growth of the pulp and paperboard industries

depends on the development of inexpensive technologies to meet

environmental standards and lower pollution abatement costs to

enhance their competitive position in the world market. Table

10-12 shows the major areas of projected technological innovation

in these industries.

Conclusions

The paper and allied products industry is a stabilized

saturated industry. The industry is not revolutionary but evolu-

tionary in terms of technological innovation. The majority of

the R&D within the industry is conducted in universities and

other industries, such as the machine tool industry. Although

the paper and allied products industry experienced a drop in

profits in 1982, it has historically been a steady profit making

industry, i.e., one of the healthy U.S. "smoke stack" indus-

tries. While there are apparently no "leapfrog" technologies

that would significantly contribute to this industry, advances in

biotechnology relating to the accelerating of tree growth may

help to reduce its trade deficit.
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TABT F. 10-12

MAJOR TECHNOLOGY CHANGES IN PULP t P_P_t AND

BOARD INDUSTRIES (SICs 261 t 262 t 263t 266)

TECHNO_

NKT_IALB K_]LI]_

IMPN[_) P[N21NS
_CHN[N/]GY

_IN
PAP_ NAEINO MAOHNI_

AI_ _ATION

P0[JJDTION 00WI'ROL
q_Ct_0[EQ_

M qD PREPAI_
q_E DI]_ _ 0N
C01TIN0 _ _

PRESSES

AIF[T)IqATIC _]_T..PP ]]_1]
OP _ Mz.,SZE

(]Z,OE _

PACKII_

DESCRIPPION

1980
IMPNOVED CONVEYON SYS'I'_

C_PNALIZ_) CONTNOLS

IN WOOD-HANDLING, FINISHING,
A_D SHIPPINO DEPt.

INNOVATIONS _IICH IMPROVE
YIELD AND HE2 QUALITY
THNOUGH q_E USE OP _
CONTROL AS WEIL AS MECHANICAL

A_D SEMICH_MICAL PULPINO.

INCREASED SPEED OF K)UR-

DRINI_ MACHINES;
WIRE FOf_dU_S M£_I_ODS ARE
REPLACING WI_E _.

USE OP _ q!HROUGHOUT
VARIOUS STAGES O_ PULP AND
P_ P_OCESSES.

TECHNOLOGIES _D _ AIR
AND WAT_ POI//rI_ON.

_JYILIZATION OF COMI_'I_%$
TO _H_ATE DIE lAYOUTS
AND _O P_ODUCE TAPES TO
OONTROL LASERS IN DIE
BOARD CUTYING.

DEVICES WHICH AUTO-
MATICALLY F_MOVE _{E
P_ARD HAT]_AL
ATrACH]_ 'lO CARTON

BIANKS A_ C[TI'I_/
CP/ASIN_.

NEW AI_-_USH AND
EXTRUSION GLUING.

USE OF AUTOMATIC _UIPMENT
TO PLACE CARTONS IN CON-

TAIN_S FOR _4IPPING;
AUTOMATIC CONVEYOR SYS'I_;
AND U,_. OP FIIB STRWIL'H
STRAPS INSTEAD OF (X)ERUGA_
CASES.

APPRO]C[MA_ _ _ SIGNIFICANT DIFFUSION

1985 1990 1995 2000
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B.II "INSTRUMENTS AND RELATED PRODUCTS" (SIC 38)

Instruments and related products, subsector 38, is the elev-

enth largest manufacturing subsector. Its value added accounted

for 3.3% of the manufacturing sector's contribution to the GDP in

1980. Salient characteristics of the subsector include:

A high degree of fragmentation. Out of a total of

approximately 7,481 establishments, 4,942 employed less

than 20 persons (1977).

A labor productivity of $25,381 per employee year or

$13.22 per employee hour (1980, 1972 $), ranking this

subsector sixth among the nation's 20 manufacturing

subsectors. A compound annual labor productivity

growth rate average of 1.0%/year from 1972 to 1980

ranks this subsector fifteenth. The labor productivity

for the comparable Japanese subsectors was $9,512 per

employee year or $4.95 per employee hour (1980, 1972

$), ranking this subsector fifteenth among Japan's 20

manufacturing subsectors. The compound annual labor

productivity growth rate for the Japanese subsector

averaged 5.2%/year from 1972 to 1980, ranking this

subsector eighth.

A lower than average capital investment base relative

to other subsectors within the manufacturing sector.

Capital investment amounted to $10,676 in total assets

per worker, ranking fourteenth in terms of (depreci-

ated) fixed assets (1980, 1972 $). New yearly capital

expenditures were $1,520 per employee (1980, 1972 $).

ranking thirteenth in the manufacturing sector. Total

capital productivity, measured as dollars of added

value output per dollar of capital investment, was 1.33

(1981).
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A moderately aggressive R&D program. Pot the subsector

as a whole, R&D expenditures amounted to $1.7 billion

(1980, 1972 $), ranking this subsector fifth among the

20 manufacturing subsectors. R&D expenditures were

equivalent to 10.9% of the value added by the subsector

in 1980.

Table II-i enumerates the major products produced by the industry

ranked by contribution to the subsector. The principal economic

measures of the industry's subsectors are summarized in Table II-

2.

Three subdivisions--Optical Instruments and Lenses (SIC

383), Surgical, Medical and Dental Instruments and Supplies (SIC

384), and Photographic Equipment and Supplies (SIC 386)--have

been selected for detailed analysis. Collectively, these subdi-

visions account for 57.09% of the subsector's contribution to

manufacturing.

B.II.I OPTICAL INSTRUMENTS AND LENSES (SIC 383)

This subdivision is composed of establishments primarily

engaged in the manufacture of all types of optical lenses, gun-

sights, magnifying and telescopic instruments, nuclear magnetic

resonance and electron paramagnetlc spin apparatus, optical meas-

uring instruments, and fiber optical devices. The subdivision

can be further divided into high-volume optics products and

advanced optics products. Although this subdivision produces

camera lenses, fully assembled cameras are not included in the

products of this group.

The business and structural profiles of this industry are

summarized in Tables 11-3 and 11-4 respectively. The value of

industry shipments, in constant 1972 dollars, grew at a compound

annual rate of 17.2% during the period from 1972 to 1981. This

growth rate declined to about 2.4% per year from 1981 to 1983,
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TABLE ii-I

CLASSIFICATION OF MAJOR PRODUCTS OF

INSTRUMENTS A_E) REXATED PRODUCTS (SIC 38)

sic 00DE

3B6

382

384

381

387

383

385

_JBDMSION DESIGNATION AND
TYPICAL

RKEOSRARKC n_lYn_BIT RI) summ2m3

STILL AND MD_ION PIC'I'dRECAMERAS,
P_PYIRI} EQUII'_N_, MICROFILMING,

BLUEPRINTING AND _ilR'gPRIIfflNOI_UII'MI_IT,
SI_ISITIZI_ _ A_) PLATES PREPARI_

P_K_0GRAPHIC _AI_ICALS AND X-RAY Wll_.

_ASm_NQ _ G0Wfl_LLIH; _

_ATS, AIR 00_DITIONII_ AND
RE_IGI_RATION CONTROI_, HI_IDITY

INST--, _ _ PROCESS

REGULATORS, WJCLEAR REACTOR CONTROLS,
FLUID MS'I_, COUNTING DEVICES,

OSCILI_, _K_SURIND AND TESTING
EQUIF_ FOR _ICITY AND RADIO

TF__SnqNG APPARATUS.

SI_xI,I_zNBDICAL _q) I_

_GICAL IN_ AND SUPPLIES,

OPI_ATIND TABLES, STSTHOS(X)PES,
BANDAGES, ORTHOPI_)IC BRACES AND

CANES, HEARING AIDS, PROSTHETIC
APPLIANCES AND _UPPLIF_,

DEPRESSORS, WHI_IES, SPACE

AND SUITS, _TAL _UIPM_T
AIg)SUPPLIES, _AN

I_ AND APPARA_'dS.

AE_ONAIrfICAL AND _ I_IGHT

INL_, SLIRVEYING INST--,
DRA_TIN_ I_[I_ITS AND MACHINES,
OOMPA_ AND _ NAVIGATIONAL _Q__IIp-

_T, L_BORATORY APPARATUS (EXCLUDING

MEDICAL), LAS_, MAP IrbO_N_ INSTRU-
MENTS AND M_BOROLOGICAL I_.

WATCHES, WATCH PABTS AND _,
CLOCKS, CLOCK MAT_ALS, PARTS A_D

MO_, WATCH CASES, TI_S AND
CHI_DNOMET_S.

OPTICAL I_ES: PHOTOGRAPHIC,

MAGNIFYING, PROJECTION A_) INST--,
BINOCULARS, OPTICAL (N_NSIGHTS, OPTICAL

MAGNIFYING INSTRUMENTS, OPTICAL

MI_RORS, OPTICAL _ASURING INSTRUMENTS,
TELE_OP_S, PRISMS, R_, _'IB_

OPTICAL DEVICES, SP_,
CHROMATOGRAPHIC EQUIPMENT,

_.,ECTROPHORESIS I_UIPI_IT, NUCLEAR
MAGNETIC RESONANCETYPE APPARATLISAND
EL_N PARAMAGNETIC SPIN TYPE
APPARATJS.

% CONTRISUTED

3"."

_7._

18.0

6.?

5.5

_.6

_0 _ 3._

OPI_C L_ GRINDING, EYEGLASSES,
_ FRAMES, CONTACT LE_IS, _,

AND GLASS OR PLASTIC E'fF_.

SOURCSS : U.S. DOC/BOC: CENSUS OF MANUFACI'J___, 1977
EOP/OMB: STA_ INDLk_IAL CIASSIWICATION MANUAL, 1972
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TABLE 11-3

BUSINESS PROFILE OF THE OPTICAL

IN,TfRUMENTS AND LENS_ INDUSTRY (SIC 383)

SBI_ (BILLION$) 1972 1977 1979 1980 1981 1982 1983
CURRENTS _5 _ _ --ZT -77r -7_ --
1972$ 0.5 i.I 1.8 2.0 2.2 2.3 2.3

TOTAL _'LOY_E_T

(THOUSANDS) 18.8 30.2 39.8 43.5 45.9 44.9 45.5

Index 1877= 100

2O0

180

160

140

120

100

80

60

40

20_

ol
1058

-- Output Per Emplo

, Output

I 1 ] 1 1
1962 1966 1970 1974 1978 1982

Source: Unpublished 8LS Data

SOURCE: U.S. D00/BIE: 1983 U.S. INDUSTRIAL OUTLOOK
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TABLE ii-4

STRU_ PROFILE OF q_E OPTICAL

INSTRUMENTS AND LENSES INDUSTRY (SIC 3832)

(1977)
(CATEGORI ZI_)BY NO.
OF _PLOYEES)

SMALL (<20) 346

INT_IATE (20-1000) 196

LARGE (>1000) 4

TOTAL 546

(APPROXIMATELY 500 (X)MPANIES)

FIRM

LK_INS _ (1983)
IX)MF2_CALLY

C,D_TED

SALES $)

CORNING GLASS WORKS 680
HARRIS CORP. 400

LITIDN INDUSTRIES, INC. 370

BAUSCH & LOMB, INC. 300

HONEYWELL, INC. 270
G_ INSTRUMENT CORP. 220

_OS OOBT

D_0N, 1977

MFG IABOR

14.2%
IABOR MAT_ALS _UERGY

17.5"_ 30.0% 4.2%

_ _ B_ _ _ (X]MPANIES, 1983

AVerAGE _ #_E OF PLANTS

OF LEADI_ _'n_S, 1983

CAPITAL

34.1%

35%

4 YEARS

C_I_ I_I'l_, 1981 (MILLIONS) 127

SOURCES: U.S. D0C/BIE: 1983 U.S. INDUSTRIAL OUTLOOK

U.S. DOC/BO0: CENSUS OF MANUFA_, 1977
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and is predicted to be about 4% in 1984. The market for lasers,

industrial alignment optical devices, inspection instruments, and

analytical instruments showed a low growth rate in 1983. Fiber

optics sales, on the other hand, are expected to continue a boom-

ing growth trend.

Structurally, the optical instruments industry (see Table
11-4) is characterized by a large number (63%) of small produc-

tion establishments. Total industry employment rose 10.4% annu-

ally from 1972 to 1981, then experienced a downturn of 2.2% in

1982. Production cost distribution for optical instruments is

nearly evenly divided among labor, capital, and materials. In-

dustry standards are the major constraints on this subdivision.
An additional constraint is the lack of new manufacturing and

product technology information transfer within the industry.

This is especially apparent in the lack of standards for the

fiber optics manufacturers, a result of the high level of secrecy

maintained with respect to manufacturing techniques in this fair-

ly fragmented industry. Dominant constraints affecting this

industry are summarized in Table 11-5.

Fiber Optics and Related Devices

Fiber optics technology is expected to outstrip the rest of

the optical instruments and lenses industries in terms of real

growth. There are 273 firms manufacturing fiber optics in 1984

as compared to 176 firms in 1982. Of these firms, 74% are in the

U.S. Between 1979 and 1981, fiber optics industry employment

grew 24.5% to nearly i0,000. The additional contribution to the

U.S. GDP over these two years was $84.8 million. Market figures

clearly show the fast rate at which demand for optical fibers is

growing. In 1975, U.S. consumption of fiber optic communications

components was $2 million, while worldwide demand was $3 million.

In 1983, domestic consumption of fiber optic communication com-

ponents was valued at $498 million. Fiber optics market activity

for 1982 is portrayed in Figure ll-1.
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TABLE11-5

DOMINANT CONSTRAINTS AFFF_NG THE OPTICAL INSTRUMEqg_ AND

LENSES INDUSTRY (SIC 383)

mDNETARY POLICY STRONG U.S. DOLLAR ADVERSELY AFFECTS

PERFORMANCE OF U.S. OPTICAL PRODUCTS IN

WORLD MARKETS AND, AT THE SAME TIME,
CREATES U.S. _IC MARKET OPPO_-

TIES FOR COMPETITIVE IMPORTS.

S_N_AGE (F SC_/ENGIN_S COMPETING FOREIGN INDUSTRIES HAVE

LARGER AMOUNTS OF ENGINEERING GHADUATES

THAN U.S. THIS DEFICIT MAY LEAD TO

U.S. PRODUCTIVITY LAGGINO BEHIND REST

OF WORLD IN TERMS OF GROW'I_ RATES.

PAT_ _ HIGH BASE FILING AND BASE ISSUE FEES

FOR PATENTS AND ONE YF_R PENDENCY

PERIOD RESTRICT INNOVATIONS.

_CK GF _ STA_J_DS LEADS TO REDUNDANT DEVICES AND

TECHNIQUES, HAMPERS INTER!NDUSTRY
COMMUNICATIONS.
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OTHER (g%)_ _ _ _ _ _ _ _

F.R. GERMANY (3%)_/_'_

A / /

JAPAN (13%)_ _

U.K. (10.0%)" _ _

_ -INDUSTRYISENSORS (4%)

-TELEPHOI_ (BI%)

MARKET ACTIVITY BY AREA

_URCE, _TICAL I_Y & SYSEM PURCHASI_

DI_CT_Y I_4F_MT_ P_LIS_

P_TONI_ SPECTRA MAGAZI_

Figure 11-1.

MARKET ACTIVITY BY APPLICATION

Fiber Optics Market Activity in 1982
(Installed Value)

Patents
Number Of Patents

6O

5O

40 ¸

30

R'_,d
W_'W

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

I

_A

1981

P-.X]

_q

KJ_I

,Oq

N!
,,_-i

1982

oK

1983

Source: Kessler Marketing Intelligence

(As Quoted In Mechanical Engineering May 1984)

Figure 11-2. Patents Awarded for Fiber-Optic

Sensor Devices During the Past Decade
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The fiber optics industry has grown more rapidly than the

majority of forecasts had projected. Industry growth rates of

between 50% and 100% per year are projected to the end of this

decade. According to one source, Gnostic Concepts, the domestic

market for optical fibers is growing by 17% per year and should

reach $1.87 billion by 1990 (66% of domestic production).

Another current projection, from Information Gatekeepers Incorpo-

rated of Brighton, Massachusetts, predicts the 1990 optical fiber

market to be valued at between $5 and $I0 billion, $2.3 billion

of which will be communications components. Free world consump-

tion of fiber optics should be three times that of the U.S. do-

mestic consumption during this same period.

One small but rapidly growing area of the fiber optics in-

dustry is sensors based on fiber optics technology. An indicator

of the growth rate of this area is the number of patents issued

for optic sensor devices, which have doubled since 1979 as de-

picted in Figure 11-2. According to Kessler Marketing Intelli-

gence, U.S. consumption of fiber optic sensors will grow at an

annual rate of 30% from $20 million in 1983, to $280 million in

1993. Another research company, Electronicast Corporation, puts

the figure for the fiber optic sensor market at $736 million in

1990. Most U.S. fiber optics manufacturers (65%) employ less

than 99 persons. European and Japanese firms are disproportion-

ately represented in large manufacturing firms, accounting for

40% of the large (>I000 employees) establishments. Foreign firms

account for about 20% of establishments employing less than I000

persons in the fiber optics industry.

Competitive Issues Affecting The Optical Instruments and

Lenses Industry

Exports are an important market for products manufactured by

this industry, accounting for approximately 30% of product ship-

ments. Imports amount to approximately 22% of apparent consump-

tion of this industry's products. Exports grew at a compound
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annual rate of 32% from 1972 to 1982, while imports rose at a

compound annual rate of 17% during this same period. The posi-
tive balance of trade rose at a compound annual rate of 27% dur-
ing this ten year period.

High volume optics production continues to move to the Far

East as a result of lower labor costs. U.S. production of ad-

vanced optics continues to increase as small companies find mar-

kets that are not being exploited by larger companies. One rea-

son for the growth of these small firms is that these optics are

produced in small batches that preclude economies-of-scale.

Industrial items account for the major part of U.S. production,
while foreign producers supply most consumer items.

Factors that would have a positive impact on U.S. exports of

optical devices are revitalizing the technological base and for-

eign market growth. Favorable tax treatment for industry R&D

plus increased military spending should contribute to technology

growth. Foreign market growth would require either depreciation

of the dollar, inflation increases in foreign economies as com-

pared to the U.S., and/or improvements in foreign economic

strength.

Productivity in the Optical Instruments and Lenses Industr_

As shown in Table 11-4, production costs for products in

this category are nearly evenly divided between capital, labor,

and materials (including energy). It is apparent from the figure

in Table ll-3 that the productivity (output per employee hour)

has been rising steadily by around 6% per year.

Role of Technolos_ in the Long-Term Stratesic Outlook

After adjusting for inflation, the projected growth rate for

the optical instruments and lenses industry is 3.9% through 1987.

Beyond that point, it is difficult to predict the rate of growth
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for this industry. Both the military and private sectors should

continue to increase their utilization of the industry's conven-

tional products at a steady rate. These conventional products

include analytical instruments such as biochemical analyzers,

liquid chromatographs, amino acid analyzers, sighting and track-

ing optics, and infrared detectors. However, conventional pro-
ducts will not contribute as much to growth in the late 1980s as

they did during the past decade, since their application is lim-
ited by the availability of capital for improvements. For exam-

ple, although an industry that utilizes heavy equipment would

find many benefits from installing an infrared detector to ana-

lyze wear of machinery components prior to actual failure, it
would not feel as pressed to install this equipment as it was to

install pollution analysis and control instruments following the

pollution control legislation passed during the 1970s.

The fiber optics portion of the optical instruments and

lenses industry will continue to grow more rapidly than the rest

of the industry. Figure 11-3 illustrates the predicted growth of

fiber optics production; the expected growth rate for fiber optic

component markets is shown in Figure Ii-4, as forecasted by

Kessler Marketing Intelligence.

The largest market for optic fibers is the communications

industry. The impact of technological advances in the fiber

optics communications industry is provided in the "Communications
Services" section of this volume. In general, advances in fiber

purity are enabling the installation of larger data links with

fewer repeaters than conventional copper cables. A brief summary
of advances in communications fiber optics is provided Table ll-
6.

The three main types of optical fibers are stepped-index

multimode, graded-index multimode, and stepped-index monomode.

Stepped-index fibers have a distinct transition from transparency
to opaqueness. Graded index fibers gradually change their refrac-
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U.S. $ (Millt_)

30OO

2500'

2000'

1800'

1000,

500

Optic Passive Active
WaveQulde Component Component

E

1882 1986 1090

Source: Gnostic Concepts

Figure 11-3. U.S.
Production to

(1979 Dollars In Millions)

1200

1100

1000,

900

800

700

600

500

4OO

300

200

100

79 80 81 82 83 84

8ource: Kessler Marketing Intelligence

Figure 1 1-4.

Fiber Optic Component
1990

85 86 87 88 89

Total Market

Waveguide/Cable

Transceivers

Connectors

The U.S. Commercial and Industrial Fiber Optic
Communications Components Market
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TABLE 11-6

OPTIC_ _ TECI-_OLOGI_

'r_cHNoLOGY

_ ME) OPTIC

• FIAT PAN_

T_uEVISION

• OPTIC FIBER

• LONG LIH_SP_
LAS_

• COHERENT FIBER

OPTIC T_

• INT_P_T_)
ELECT_ONI_

mOmINWSIVE
DISCS

• CO_JTER _IAL
TOHOGRAP_ (CAT,
CT)

• NUCLEAR MAGNETIC

RESONANCE(N_)

DESCRIPTION

_OPTIC_B8ON_

SHARI'_ CONTRAST _

BESoufrI_.

FI_Wn_OPTIC_V1T_
_ _ _WI_

W_0_l'l_ _P_

IAS_ SCORCE KR OPTIC

TRANSMISSION IN 2-10.m
BNg)WII)TH _ 6 MILLION

HOUR LII_AN.

MAKES POSSIBLE _ S OP
SIGNAL PBOCESSIM_ TECI_-

QUES _Y APPLI_)

TO RADIO FI_

CARRII_S FOR OPTICAL FIB_
SY_.

COMBINATION OF OPTICAL

AND EI_C CO_

IN _TABI_, BIG_

_IBS_ (OPTICAL SOb'RCE_
AND D_TECTOR_ CO_!W_B_)WITH

BI{_IAL

TION, _()D_TION, _LIFI-
CATION, DEI'I_'TION,_gITCH-
IN_, AND FILTIg_ CIRCUITS).

INSTrUmeNT CONFICAII_ATION

IS A CIRCULAR SCANNI_
GANTRY CONSISTING OF AN

X-RAY TUBE WITH _ILS

MDUNTI_) OPPOSITE IT _ A
CENTRAL _ WITH A

RADI_ TABLE FOR

THE PATII_IT TO LIE ON.

GANTI_¥ ROTATES 360° AROUND

PATII'_ITWHILE DATA ARE
STORED IN COMPUTI_ _4DR¥.

A LARGE CIRCULAR GANTRY

SURROUNDS PATII_ITS, WITH

THE AXIS OF THE GANTRY
CENTERI_ ON THE LONG AXIS

OF PATIenT. GANTRY HOUSES
COILS TO PRODUCE STRONG

STATIC AXIAL MAGNETIC FIELD,
COILS TO PROD_EE GRADIENTS

IN THIS FIELD, AND AN R-F
COIL TO TRANMIT EXCITORY
PULSES (_ FREQ. ) AND

PICK UP THE N_R SIGNAL

A SHORT R--F PUSLE AT THE

LARMDR FRI_ IS APPLI_
TO NUCLEI EXPERIENCING NET

EQUILIBRIUM NUCLFAR MAGNETI-

ZATION, THE SPINS OF THE
NUCLEI ARE MADE TO PRECESS,
AND THE RESULTANT INDUCED

I_ AT THE LARMDR FRI_
IS DEIECTABLE.

PRINCIPAL ]_'AGT APPRO_E _ OF SIGNIFICANT DIFFUSI(R

1970 1880 1990 2000

TELEVISION

I_SOI_TION.

I_PI_CE _K)C(XII'L_B.

Z_DVE SObBCE

IMPROVE _EXIBILITY AND

V_R_ATILITY C_ OPTIC
SIGNAL HANDLING AND

PSOCESSIN_.

EASES _ON

_, STABLE _rBuc-
NBOE_S_¥ FOR

VI'_SATILEOONFIGUBATION_.

AN I]_ROVI_ENT ON X-RAY

T_m_OLDGY_
DRANG_r OF X-RAY

IMAGES PROVIDING

DIAGNOSTIC INFORMATION.

ALLOWS TOMDGRAPHIC

SCANNING WITHOUT IOWI-
ZI_ RADIATION

REDUCING PATIENT RISK.
PRODUCES C_ICAL AS W_L
AS DIAGNOSTIC DATA.

PRODOCE3 UNOBSTRt_"T_
D_AGE3 IN BOTH CROSS-

S_CTION AND SAGGITAL

VI_3.
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TABLE 11-6 (CONTINUED)

NEW OPTICAL INSTRUMENT TECHNOLOGIES

TECHNOLOGY

• POSITRON I_MISSION

TOMOGRAPHY (PET)

0 DIGITAL SUB-

STRUCTION

I ULTRASOUND

SCANNERS (US)

DESCRIPTION

PET CONSISTS OF DISCRETE

SCINTILLATORS ARRANGED IN

RINGS (100 DETECTORS PER

RING, 5 RINGS PER GANTRY)

THAT DETECT HIGH ENERGY

(511 KEV) PHOTONS _(ITTED

WHEN POSITRONS FROM POSITRON

EMITTING ISOTOPES INJECTED

INTO THE PATIENT ANNIHILATE

I_ONS ( PHOTOELI_IC

EFFECT).

INCORPORATES FLOUROSCOPY

AND ANGIOGRAPHY INTO CT

SCANNING TO PROVIDE MORE

DIAGNOSTIC INFORMATION IN

A SINGLE SCAN.

UTILIZES SHORT PULSES OF

PRINCIPAL IMPACT

DEV_DPED IN THE 1970s.

UTILIZES ISOTOPE I_

TION COMBINED WITH CO_-

TER ASSISTANCE TO FF_SURE

AND VISUALIZE

METABOLIC. IMPROVED

VERSIONS CAPABLE OF

DETECTING RAPID CHANGES

IN METABOLISM.

PROVIDES MORE INFORMATION

PER SCAN-MDRE DETAILED

DATA THAN X-RAY.

PRODUCES COMPUTE_

UTRA-HIGH FREQUENCY ACOUSTIC ASSISTED HIGH RESOLUTION,
WAVES IN AN ECHO-RANGING REAL TIME IMAGES. N_

SYSTEM TO MAP TISSUE TECHNIQUES ALLOW DETEC-

CHARACTERISTICS WITHIN THE TION OF CHANGES IN

BODY. TISSUE PROPERTIES INDICA-

TING SPECIFIC DISEASES.

LESS INVASIVE OF ALL

BUT N_, AND COST THAT
IS A FRACTION OF OTHER

METHODS COSTS.

APPROXIMATE ERA OF SIGNIFICANT DIFFUSION

1970 1980 1990 2000
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rive index toward opaqueness with increasing distance from the

center of the core. Monomode fibers have a very small diameter

center core along which only one signal can travel. Multimode

fibers can accommodate more signals, but, since these signals may

overlap because of the different angles at which they are

injected in the fiber, multimode fibers are better suited for

shorter distance communications than are monomode fibers.

Two key advantages of fiber optic transmission links when

compared to conventional metal cables are the very low signal

attenuation and the very low dispersion {high bandwidth) of the

signal. Typical multimode fiber optic links are now running from

8 to 15km without repeaters at 850nm and up to 20-30km at the

1300nm wavelength. Lab tests have demonstrated monomode fibers

operating at 1550nm for distances up to 100km without repeaters.

Central office trunking networks utilizing multlmode fibers have

demonstrated an attenuation of 2.7 to 3.5dB per kilometer at

850nm and 1.0 to 1.5dB per kilometer at 1300nm with bandwidths

from 400 to 800MHz per kilometer. State of the art monomode

fibers demonstrate an attenuation of less than idB per kilometer

at 1300nm and a bandwidth greater than IGHz per kilometer. The

price-performance advantages of fiber optic communications are

demonstrable for high density trunk applications at data rates

above 34 megabytes per second.

The fiber optics sensor industry is an outgrowth of the

development of pure optic fibers as used for communications.

Researchers investigating the effects of adverse environments on

signal transmission discovered that these effects could be meas-

ured using optic fibers for sensors and coupling them with digi-

tal computers. The result of this research is a rapidly expand-

ing field of sensors based on optical fibers.

There are two basic types of optic fiber sensors. Both have

common characteristics; namely the use of a light source to

inject continuous light signals into the fiber, a light detector
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that receives the light signals after they have been changed or
modulated, and signal processing circuits. The first type of

sensor uses fiber optics to access remote locations containing
devices or parameters that can be optically measured; the second

type relies on changes in light propagation properties of the

glass fibers themselves as a result of changes in the parameters
being measured. Two subdivisions of the first type are sensors

that transmit light to an adapted available sensor (for instance,

a motion sensor based on a moving spot painted on a mechanical

lever), and sensors that use the optic fiber to transmit light to

and from an optical sensor measuring such effects as light scat-

ter. Two subgrouplngs of sensors that utilize changes in the

physical parameters of the optic fiber are based on measuring

changes in the signal's amplitude or on phase changes in the

signal. Amplitude changes in the signal result from flexing,
bending, or surface effects of the optical fiber. Phase changes

result from strain on the fiber or changes in the fiber's length.

An optical fiber-based thermocoup!e has been developed that
operates at 2000°C, 500°C higher than the present thermocouple

standard. This sensor utilizes an optic fiber, the tip of which

is coated with a metal (iridium) that emits an intense light

composed of many wavelengths. A light detector measures the
intensity of the light signal in a narrow bandwidth where the

intensity is proportional to the temperature. This fiber may

eventually replace the ANSI Type S thermocouple developed in
1886.

There are many other applications of fiber optics. Some of

these are in liquid level sensors, gyroscopes, chemical

analyzers, acoustic microphones and hydrophones, voltage sensors,

current sensors, and as optical sensors for monitoring remote,

hazardous environments such as combustion chambers, nuclear reac-

tors, reaction vessels, etc. Besides all of the potential appli-
cations, there are several advantages that make optic fibers

especially desirable; particularly when considering potential

11-17



sensor applications. The advantages of optical fibers as sensors
and transmission links in comparison with electrical circuits,

sensors, and cables are:

Q no crosstalk between cables,

immunity to RFI/EMI/noise,

total electrical isolation,

no spark or fire hazard,

no short-clrcuit loading,

light weight,

speed,

no danger of short-circult if wet,

inert to explosion,

high sensitivity,

reliable and rugged,

low signal attenuation, and

difficult to tap without discovery.

Summary

The U.S. optical and analytical instrument industry is best

suited to exploit the leading edge of optics technology. High

volume production of optical instruments and equipment has moved

offshore to countries better able to apply an economy-of-scale to

production. U.S. companies are primarily engaged in producing

low volume, high value precision and engineering optical goods.

Growing military markets as well as the increasing use of fiber

optics ensures a healthy future for this industry.

B. II.2 SURGICAL_ MEDICAL AND DENTAL INSTRUMENTS AND

SUPPLIES (SIC 384)

The surgical, medical and dental instruments subdivision

(SIC 384) consists of establishments primarily engaged in the

manufacture of medical and surgical (SIC 3841), and dental

instruments (SIC 3843). Other supplies produced by this subdivi-
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sion, categorized under SIC 3842, include prosthetics, orthopedic

devices, artificial teeth, dental metals, bandages, surgical
dressings, sutures, and personal safety equipment. X-ray and
other electric diagnostic instruments are not included under this

subdivision classification, nor are dentures and other dental

restorations supplied by labs on a dentist's specifications.

The business profile of the medical and dental instruments

and supplies industry is summarized in Table 11-7. The compound

annual growth rate of shipments, in constant 1972 dollars, was
7.5% per year from 1972 to 1984; employment grew at a rate of 5%

per year during this same period. There were no major downturns

for these rates during this period. The growth rates for both

shipments and employment slowed from 1981 to 1983, but are

expected to return to the growth rates of the 1970s.

As advanced electronics are continually incorporated into

medical and dental equipment, especially in diagnostic equipment,
the cost of this equipment decreases while the capabilities

expand. The demand has offset the decreasing cost of the equip-

ment because of the growing proportion of the population over 65

and the fact that the new equipment is making the older models

obsolete. For example, nuclear magnetic resonance (NMR) imaging
equipment was developed to partially replace the more detrimental
x-ray machine.

The structural profile of the medical and dental equipment

industry is portrayed in Table 11-8. The two largest companies

accounted for about 35% of industry shipments in 1983, while the

total share of industry shipments by the five largest companies
was approximately 50%. The majority of production establishments
(70%) employ less then twenty employees.

Figure 11-5 illustrates the breakdown of subdivision ship-

ments by industry. It is evident that surgical appliances and

supplies (SIC 3842) is the largest and fastest growing industry
subdivision in terms of shipments.
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TABLE 11-7

BUSINESS PROFILE OF THE MEDICAL AND DENTAL

INSTRUMENTS AND SUPPLIES INDUSTRY (SIC 384)

1972 DOLLAR

TOTAL _O_E;qT

THOUSANDS

Index 1977 --- 100

140

1972 1977 1979 1981 1982
2.-7_ B?2/ _77F 9.--_ lO.-7_
2 •82 3.49 4.00 4.58 4.76

1983 EST

11.36

5.01

90.8 113.4 124.8 136.9 138.2 141.2

1984 EST

12.88

5.35

146.6

120

100

8O

60

40

2O

0

1958 1962

Source: Unpublished BLS Data

Output Per Employee Hour

put

1 I I

1966 1970 1974 1978

ESTIMATED Ag-_]E PLANT AaE, LFADIN_ FIRMS, 1983

NEW CAPITAL _D_, IN 1981, MILLION $

W_8.JON_LDINS PN_R_S, 1982

U.S. EXPORTS

CANADA 14%

JAPAN 10%

F.R. GERMANY 8%

U.K. 8%

FRANCE 6%

U.S. IMPORTS

F.R. GERMANY

JAPAN

NETHERLA_E_S

U.K.

CANADA

1982

393.2

32_
18%

6%
6%

5%

SOURCF_S: U.S DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S. DOL/BLS
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TABLE 11-8

STRUO_ PROFILE OF THE MEDICAL AND DENTAL

INSTRUMENTS AND SUPPLI5"_ INDUSTRY (SIC 384)

EST_ (1977)
(CATEGORIZED BY NO.

OF mm_LOYEES)

SMALL (<20)
INTEF_IATE (20-1000)

LARGE (>i000)

TOTAL

(2098 COMPANIES)

1,675
664

14

2,353

NAME

LFADI_ _ (1983)
DOMESTICALLY

G_NERATED

sA[as (MZU,ION$)

JOHNSON AND JOHNSON 2100

BAXTER TRAV_OL 1840

BECTON, DICKENSON, & CO. 950

C.R. BARD, INC. 397

MEDTRONIC, INC. 353
AMERICAN STERILIZER 279

INTEEMEDICS, INC. 206

_OE_CTION (X]_'T

DI_O_I_ 1977

MFG L_BOR

13.7%

OTHER

LABOR MATERIALS D_RGY CAPITAL

11.5-_ 38.0% i.0_-35.8%

_ FOR BY _ LIS'_GESTCOMPANIES, 1983 35%

SOURCES: U.S. DOC/BOC: CENSUS OF MANUFA_, 1977

U.S. DOC/BIE: 1984 U.S. I;_DUo±_'I_IAL Ob_i_uOOK

VALUE-LINE INVESTMENT SURVEY, 1984
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Dominant constraints affecting the medical and dental

instruments and accessories industry are summarized in Table I1-

9. The primary constraint on new technologies being incorporated

in new medical instruments is government regulations. Although

the strong dollar and price pressures are reducing the profit

margin, demand will continue to grow, regardless of equipment

price.

Competitive Posture of the Medical and Dental Instruments and

Supplies Industr_

The American medical and dental equipment industry has been

fairly competitive in the world market. U.S. exports of its

products grew at a compound annual rate of 14.7% between 1972 and

1983. U.S. imports of medical and dental instruments and acces-

sories grew at a compound annual rate of nearly 20% during the

same period. In 1982, the U.S. maintained a positive trade

balance of $744 million, which grew at an annual compound rate of

14.3% during the 1972 to 1982 period. This trade balance

decreased 3.9% from 1982 to 1983, registering the first decline

in over a decade. Factors contributing to this recent poor U.S.

export performance are the high value of the dollar, depressed

foreign markets, reduced availability of foreign capital expendi-

tures, and increasing Japanese and European competitiveness in

the medical and dental instruments industry.

Major U.S. trading partners in 1982 are listed in Table Ii-

7. The European Economic Community (EEC) accounted for 52% of

U.S. imports of medical and dental equipment, while consuming 37%

of U.S. exports. The only trading partner with whom the U.S. has

a trade deficit in medical equipment is F.R. Germany. In 1983

this deficit was $43.6 million, a 38% rise over the 1982 deficit.

West German imports have performed well in U.S. markets as a

result of their reputation for excellent precision manufacturing.

The U.S. has realized a trade surplus with Japan, but during the
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TABLE11-9

DOMINANT CONSTRAINTS AFFECTIN_ THE MEDICAL AND DENTAL

EQUIPMENT AND SUPPLIES INDUSTRY (SIC 384)

1976 MEDICAL DEVICE ACT: DEFINES CONSTRAINTS
CONCERNING MEDICAL DEVICES THAT COULD KILL OR

INJURE HUMANS. CONGRESS REAPPLI_3 PRESSURE ON

FDA TO INSURE COMPLIANCE IN MAY, 1983. 1983
SOCIAL SECURITY AMENDMENTS: LIMIT_I) AMOUNT OF

MONEY THAT GOVI_KNMENT WILL PAY FOR DIAGNOSIS

RELATe) AILMENTS OF MEDICARE PATIENTS.

D_N_TARY POLICY STRONG DOLLAR ADVERSELY AFFFL_S PERFORMANCE OF

U.S. MEDICAL INSTRUMENTS AND ACCESSORIES IN
WORLD MARKETS.

FRI(_ CONTINUED EFFORTS TO CONTAIN OR LIMIT HOSPITAL

COSTS AND GROWING MULTI-HOSPITAL AND GROUP

PURCHASING PLANS ARE REDUCING PROFIT MARGINS

Constant !972 $ (Billion)

Dental Surgical Supply

I
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past five years Japan's medical exports to U.S. grew at a com-

pound annual rate of 23%, while the U.S. exports to Japan grew at

an annual rate of only 16% during the same period. The continued

strength of the U.S. dollar has provided extra import potential

for competitively priced Japanese and EEC goods.

Productivit_ in the Medical and Dental Instruments and

Supplies Industry

The largest proportion of production costs, 38%, is spent on

materials. The next largest portion, nearly 36%, is capital-

related. Labor accounts for the remaining 25% of production

costs, excluding energy, which accounts for only 1%. Although

labor costs rank third in production costs, industry employment

is expected to rise at an average annual rate of 4.3%, the high-

est rate of all manufacturing industries. Because of the diver-

sity of products produced by this industry, it is difficult to

identify trends in materials savings or capital expenditures.

Since most production establishments employ less than twenty

people and produce highly specialized products, economy-of-scale

may not apply to most of this industry.

Role of Technology in the Long-Term Strategic Outlook

The five year forecast for this industry predicts a sus-

tained average annual growth rate of about 6_ (adjusted for

inflation) in industry shipments. Employment should also con-

tinue to grow approximately 4% annually. Demand for medical and

dental equipment will rise from new medical school graduates and

as a result of increasing home health care. New materials and

more sophisticated electronics will continue to be incorporated

in conventional devices as well as in new applications. The

strong performance of medical and dental equipment and supplies

in both domestic and overseas markets, as well as the increasing

demand for more advanced equipment, result in an industry with

"sunrise" tendencies. The largest industry within the subdlvi-
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sion, surgical equipment and supplies (SIC 3842), will grow the

most rapidly of all medical and dental equipment industries, at a

rate of 6.8% during the next five years.

Technologically advanced product innovations in this indus-

try are based on new materials and computer technology. Advances

in prosthetlcs already include computer-controlled electric actu-

ators that respond to impulses in the stump nerve. It is now

standard procedure to replace human Joints. Biocompatible

implant materials are improving in strength and durability, which

leads to longer amounts of time between implant replacement.

Some devices producing artificial sight and hearing are now being

tested with human subjects. R&D of the fully implantable artifi-

cial heart is also progressing and may be in widespread use in a

decade.

The surgical instruments industry (SIC 3841) is the second

largest industry of the medical and dental instruments and sup-

plies subdivision; it is also second in rate of growth at 5.8%

per year. Exciting developments are resulting from new surgical

instruments. Fiber optics have enabled endoscopy, or very

limited incision surgery, to be developed. Endoscopy reduces

hospital stays by enabling faster healing and by removing or

repairing only the damaged tissue on a near microscopic level.

Fiber optics technology has also made the laser scalpel possible.

New technologies in the dental equipment and supplies indus-

try (SIC 3843) are improving dentist and assistant productivities

while reducing patient discomfort. Tools are lighter and incor-

porate new features for drilling, cleaning, and polishing. Fiber

optic lighting devices are reducing dentist workload while

improving accuracy. New chair designs are more comfortable for

the patient.
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Summary,

Generally, new medical and dental equipment is incorporating

computer technology to enhance the speed, image clarity, and

analytical capabilities of patient monitoring systems. In order

to offset new equipment costs experienced by hospitals, equipment

manufacturers are incorporating multlfunction capabilities into

their new equipment designs. Researchers have demonstrated the

ability to construct miniature analytical sensors on silicon.

There are a variety of applications, currently limited by cost,

for which these sensors may find use. Table ll-10 summarizes

technology trends for the medical and dental equipment and sup-

plies industry. A more in depth review of these new techniques

may be found in Sections C.1 and E.6.

B.II.3 THE PHOTOGRAPHIC EQUIPMENT AND SUPPLIES INDUSTRY

(SIC 386)

This industry consists of establishments involved in manu-

facturing all types of photographic equipment, such as still and

motion picture cameras and projection apparatus and accessories,

sensitized film paper, cloth, plates and prepared photographic

chemicals. It also includes photocopy and microfilm equipment as

well as blueprinting and diazotype apparatus.

One of the strengths of this industry is the production of a

wide variety of products that serve a number of broad end-user

markets. The consumer market includes products for amateur use;

such as cartridge and instant cameras, film, and accessories.

The business and industrial markets cover film processing equip-

ment, photocopying and microfilming equipment and supplies, and

cameras and accessories for professional and industrial applica-

tions. Because of this wide-range of products, manufacturers

have found markets with a sufficient demand to allow moderate

growth despite recent poor economic conditions. The average

annual growth rate from 1972 to 1983 for this industry was 5.3_.
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Economic recovery in the photographic industry lagged behind

the moderate nationwide recovery in 1983. A decline in demand

for the industry's products along with reduced exports resulting

from the strong U.S. dollar abroad caused the value of manufac-

turers' inventories to fall to their lowest point since 1979 and

also reduced sales volumes and lowered product prices. As shown

in Table Ii-Ii, total industry employment fell 7%, in 1983; U.S.

exports of photographic equipment and supplies fell 4% to $2.3

.billion after a 2% drop in 1982. While shipments increased 77%

from 1972 to 1983, a drop in yearly growth off shipments was evi-

dent, from a 6.4% increase spanning 1981 to 1982 to a 0.5%

increase from 1982 to 1983.

Despite the lower exports and higher unemployment figures

for 1983, other factors indicate that the industry is only exper-

iencing a momentary lag behind the national economy and should

begin to improve in 1984. For example, the Gross National Photo

Product, a key indicator of market health, reached a record high

of $15.9 billion in 1982 and is expected to have reached $16.8

billion in 1983, an increase of 8%; consumer spending totaled

$8.2 billion in 1982 and is expected to have increased by about

5% to $8.6 billion in 1983. Americans took more pictures than

anyone else in the world in 1983--11.75 billion exposures, an

increase of one billion over 1982.

As shown in Table 11-12, the structural profile of the pho-

tographic equipment industry, the industry is dominated by four

firms that account for 72% of the shipments. The 780 establish-

ments are owned by 702 companies with 515 establishments (66%),

employing less than 20 persons.

Constraints affecting the photographic equipment and sup-

plies subdivision are summarized in Table 11-13.
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TABLE II-ii

BUSINESS PROFILE OF THE PHOTOGRAPHIC EQUIPMENT AND

SUPPLIES INDUSTRY (SIC 386)

(BILLION $)
C_ DOLLAR

1972 DOLLAR

1972 1977 1979 1981 1982 1983
9.9 _ _ _

5.6 7.7 9.5 9.3 9.9 9.9

TOTAL_

(2"rlOUSANDS) 96.0 IIi.7 114.1 114.2 116.7 108.7

Index 1877" 100

140 T

120

IO0

80

60

40

20 put

o[ 1 1 11 I
1988 1962 1966 1870 1974 1978 1982

Source: Unpublished BL8 Data

0_ I_.AMT, LEADING FIRMS, 1983

NE_ CAPITAL E_D_, 1983, MILLION $

7 YEARS

322.7

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S. DOCIBOC: CENSUS OF MANUFA_, 1977

VALUE-LINE I_ SURVEYS, 1984
U.S. DOL/BLS
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TABLE 11-12

STRUCTURAL PFE)FILE OF THE PHOTOGRAPHIC EQUIPMENT AND

SUPPLIES INDUSTRY (SIC 386)

I_T/_LISBm_ (1977)
(CATEGORIZe) BY NO.
oF B_VmLO_)

(<20)
INTERMEDIATE (20-1000)
LARGE (>1000)

TOTAL

(702 COMPANIES)

515

25O

15

78O

NAME

LEADIN_ _ (1983)
DOMESTICALLY
GENERATED

SA[2_S (MILLION $)

FASTMANKODAK COMPANY 5O65
XEROX ¢X)RPORATION 3795

POLAROID CORPORATION 728

FOTOMAT CORPORATION 260

_ON_

DI_ON, 1977

LABOR LABOR MATERIALS ENERGY CAPITAL

9% 10% 32% 1% 48%

72%

SOURCES: U.S. DOCIBOC: CENSUS OF MANUFAUIURF_S, 1977
VALUE-LINE INVESTMIg;T SURVEYS, 1984
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TABLE 11-13

DOMINANT CONSTRAINTS A_IN_ THE PHOTOGRAPHIC EQUIPMENT AND

SUPPLI_ INDUSTRY (SIC 386)

CONSTRAINT

_AI_ARY POLICY

PRINCIPAL IMPACT

STRONG U.S. DOLLAR LIMITS EXPOHTS, HIGH
I_ RATES LIMIT DOMESTIC INDUS-

TRIAL AND PROFESSIONAL SALES, WHILE
CON_ SECTOR IS _LE TO LEVEL

OF CONSUMERS' DISCRETIONARY INCOME.

CYCLICAL MARKET CLOSELY TIED TO BUSINESS CYCLE

AND PRODUCT INNOVATION CYCLE. END OF

RECESSION AND INCREASEI) CONSUM_]R CON-

FIDENCE HELPS SALES.

RISK OVER 90% OF U.S. HDUSEHOLDS CURRFNrLY

OWN CAMERAS. GROWTH OF HARDWARE SAL_5

IS MINIMAL COMPARED TO GROWTH IN THE

FILM A_D PHOTOFINISHINO MARKETS, WHICH
HAVE LOW_ ROI.

I.qCK OF' VI_q_I_CAG _OM HARDWARE IS TYPICALLY I_RCHASED FROM

P_%RDWARE M_4_JFACTUR_, FILM B_OM MAJOR
FILM MANUFA_: LEADS TO BACKLOGS

AND DIFFICULTY PR_NO PATENTS.
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Competitive Issues Affecting the Photographic Equipment and

Supplies Industry

In the past few years, the industry has been developing a

dichotomous market nature. Products are being developed for a

silver imaging market and for a newer high-tech electronic

imaging market, as opposed to a single "photo" market. Each of

these markets produces products for both amateur/consumer use and

industrial use.

Silver Imaging

The silver imaging market retains the traditional flavor of

the photographic industry, developing and producing devices that

use silver halide in an emulsion method for producing high

quality images. These include the traditional products:

35mm cameras--both single lens reflex (SLR) and lens/

shutter (nonSLR),

cartridge cameras,

disc cameras,

instant photography,

photographic film, and

other camera accessories.

]Smm Camera Market--Imports provide virtually the sole

source of both single lens reflex (SLR) and lens/shutter (nonSLR)

35mm cameras. These cameras account for approximately one-fourth

of the total U.S. still camera sales. Any meaningful analysis of

this market must start with the realization that there is no

longer a single 35mm market, but two markets: the 35mm SLR mar-

ket and the 35mm lens/shutter market.

The first market, the SLR market, is a relatively high

priced, sophisticated one, catering to professionals, serious

amateurs and seml-involved amateurs. In the past several years,
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market growth has come from this last group of consumers, who are

mainly affluent buyers with substantial amounts of disposable

income.

This market has matured only slightly in recent years.

Shipments of SLRs for 1983 were approximately 2.7 million cam-

eras, up only slightly from the 2.6 million units shipped in

1982. This trends suggests that most of the potential SLR users

have already been converted to actual users.

The lens/shutter (nonSLR) camera market shows the exact

opposite trend. Shipments in 1983 soared to 1.4 million units,

up 40% from 1982 and almost 150_ over the half million lens/shut-

ter cameras shipped in 1980. These sophisticated cameras have

the point and shoot convenience of a box camera, with auto-wlnd,

built-ln flash, coated hlgh-speed lens and automatic exposure

control features. More importantly, the addition of sophisti-

cated electronics was accompanied by the ability to produce these

cameras at incredibly low prices. Selling prices of approxi-

mately $i00 have created a mass market of amateur users who want

the sophistication of SLR cameras without the high price. The

lens/shutter camera will become increasingly popular in coming

years.

Cartridge C_meras--Sales of Ii0 cartrldge-loadlng cameras

fell sharply in 1983, partially as a result of increased competi-

tion from disc cameras and 35mm lens/shutter cameras which offer

considerable advantages for only slightly more money. Approxi-

mately 3.5 million cartrldge-loadlng cameras were sold in 1983,

down 12% from 1982 and 50% from 1981. The accelerated decline of

this market may also be attributable to the fact that these cam-

eras are sold in a market where better than 90% of the households

have cameras. Many of the consumers in this market are blue

collar workers who have been severely affected by the recession.

Although the recession is officially over, its impact will linger

for a while, especially in the area of luxury items. This
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lingering effect, together with the increasing popularity of
the disc and lens/shutter models, will contribute to the decline

and probable elimination of this market.

DIsc Cameras--In 1982, disc camera shipments exceeded those

of cartridge cameras despite the generally reduced demand for

photographic equipment. Eastman Kodak, which developed the disc

camera, supplied virtually all of the five million disc cameras

shipped to U.S. retailers and the three million units to foreign

customers, in 1982. However, in 1983, less than two years after

its introduction, the disc camera was being produced in low cost

versions by camera makers in Hong Kong, Talwan, Japan and

Germany. Domestic and foreign manufacturers together shipped

between five and six million units to U.S. retailers.

Instant Photography--Consumer purchases of instant cameras

are shrinking. Sales of instant cameras remained at approxi-

mately 3.5 million units for 1983, the same as in 1982, and down

1.5 million units from 1981. Japanese instant cameras and film,

which reached foreign markets two years ago, have adversely

affected U.S. foreign sales. Attempts to reverse this downward

trend include the introduction of instant films with faster

speeds and films that allow the separation of the print from the

development backing. Other innovations include infrared light

sensing and electronic prejudging of the amount of light needed.

The identification of new markets in the technical and industrial

areas should offer future growth for those instant cameras that

have been previously introduced into the market. Since technol-

ogy in this field has not advanced too rapidly, the existing

units will certainly support the instant film industry.

Photographic Fllm--The value of sensitized photographic film

and plate shipments was approximately $4.7 billion during 1983.

Recent technological improvements include advances in image

sharpness, grain and speed. For example, disc camera film uses a

precisely calculated formula of color couplers to increase the
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development of silver halide crystals in lightly exposed areas,

improving color contrast and sharpness.

U.S. manufacturers also introduced ISO I000 film in 35mm

format. This film, the world's fastest, allows for exposures

under very low lighting conditions. The push to develop faster,

more light sensitive films can be expected to continue for the

next several years. The new transparency fllm technologies make

possible the processing of slides and instant prints from slides

in less than five minutes without darkroom facilities.

The Japanese have introduced their own disc films and

improvements to existing color film lines. To attract attention

to these products, Japanese suppliers have increased their adver-

tising and promotional campaigns, including the sponsoring of

major events such as the 1984 Los Angeles Summer Olympics.

Retail sales of photographic film have a direct bearing on

photofinishing services. The increased number and variety of

photographic films have helped to encourage an increase in the

number of exposures, especially by amateur consumers. In 1983,

exposures increased 6% to 11.4 billion, with 95% of consumers

using color film. The new films should also increase the number

of good exposures per roll which in turn encourages reprints and

enlargements. Thus, increased film quality will continue to

encourage growth in photofinishing services.

Other Camera Accessorles--Two other major categories, elec-

tronic flash units and interchangeable lenses, also declined in

1983.

Electronic flash dropped from 3.0 million units shipped in

1982 to 2.5 million units in 1983. A prime reason for this

decline is the incorporation of built-ln flash units in most of

the current lens/shutter (nonSLR) cameras, which should lead to

more convenience and value and stimulate sales of the 35mm

lens/shutter cameras.
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While interchangeable lens shipments increased by i0% from

3.0 million units to 3.3 million for 1983, this was still below

the record 3.4 million lenses shipped in 1981. Approximately,

60_ of lenses sold are zoom lenses. Although significantly more

expensive, one zoom lens can function in place of three or four

fixed focal length lenses. Increased usage of zoom lenses will

continue to affect the shipments of interchangeable lenses.

Electronic Imaging

The electronic imaging, or video, market has been entering a

transition phase, from a small enthusiasts' market to a huge mass

market. Hardware and software are becoming less expensive and

easier to use. Thus, virtually every major photographic company

Is active in the electronic market as a producer of video cam-

eras, as a marketer of video tapes or as the manufacturer of

specialized products combining both silver-imaging and electronic

imaging technologies.

Areas covered by electronic imaging include:

video cassette recorders and tapes,

video cameras and camcorders,

microfiche, and

photocopying.

Vldeo Cassette Recorders and Tapes--As in the case of most

video products, sales of video cassette recorders (VCR) and tapes

reached record highs in 1983. Total VCR sales of 4 million units

for 1983 doubled the 2 million units sold in 1982. Prerecorded

tape sales increased from 6 million to 8 million units. Blank

tapes experienced a dramatic increase in sales, from 28 million

units in 1982 to approximately 50 million units in 1983.

All of these sales trends indicate that the video market

will continue a rapid growth period. Another interesting aspect

of the development of this market is the change in the average
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household income of the VCR consumer from $53,000 to $34,000,

which indicates that the video market is moving into a truly

"middle class" market with mass market growth potential.

Vldeo Cameras and Camcorders--One of the more significant

developments in the electronics Imaging market was the introduc-

tion of an 8mm video camera-recorder system by Eastman Kodak.

Introduced In January 1984 together with a complete set of video

tapes, this product represents the full-scale entry of a major

U.S. photographic company into the electronic imaging market.

Two compact "camcorder" models have been introduced together

with a special cradle which provides recharging capability and

playing facilities for the video tape. The more expensive "cam-

corder" model offers many of the conviences of the Super 8 movie

cameras, including automatic focus and power zoom. The less

expensive model has manual focus and fewer automatic features.

This product is clearly aimed at Kodak's traditional "family"

market, with its integrated design and easy-to-use features.

However, the wide range of video tape formats being offered with

the system also allow wide-range professional applications.

Tables 11-14 and 11-15 show the top ten foreign consumers of

U.S. photographic goods and the top ten foreign suppliers of

photographic goods to the domestic market, respectively. U.S.

exports are spread relatively evenly among the top five con-

sumers, but imports are not evenly distributed. Japan accounts

for 71% of 1982 U.S. imports of photographic goods. Most imports

are also showing very rapid growth rates, especially in compar-

ison with the low growth rates of U.S. exports. Figure 11-6

reflect the recent foreign market activity. From this Table it

is evident that the U.S. positive balance of trade has been

declining at a rate of about 9.5% per year from 1972 through

1983.
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TABLE 11-14

COMPARISON OF EXPORTS TO LEADING

FOREIGN COUNTRIES (TOP I0)

oo[.en_

VALUE OF EXI_m_

(mLLION $)

EXPO_PGBDWTH

I_'I_ 1979--82 (%)

1982 1979

CANADA 317.0 256.9 23.4

JAPAN 270.3 233.6 15.7

U.K 263.9 233.5 13.0

NETHERLANDS 196.1 150.2 30.6

FNANCE 172.8 120.0 44.0

F.R. GERMANY 167.7 223.1 -24.8

AUSTRALIA 106.8 97.2 9.9

UNITED ARAB

}_4IRATES 102.1 42.8 135.5

ITALY 82.7 77.1 7.3

MEXICO 76.2 80.1 -4.9

TOTAL 2248.5 1514.5

1982 _OTAL _ (ALL _): $2.5 SILLION

P_C_T SHANE GP

• YPAL 1982

12.6

10.8

10.5

7.8

6.9

6.7

4.3

4.1

3.3

3.0

70.0

SOURCE: MODEP_ PHOTOGRAPHY MAGAZINE: 1983-84 _DLFMAN

REPORT ON THE PHOTOGRAPHIC INDUSTRY IN THE UNITED .STATES
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TABLE 11-15

COMPARISON OP IMPORTS FROM LEADING

POF_EIGN COUNTRIES (TOP i0)

VguOE _ _[I'OFffS

(mUXON $)

EXP(mTG80W%'rl

PATE 1979-82 (_)

1982 1978

JAPAN 1642.4 1190.8 37.9

BEIf_IUM 136.5 61.7 121.1

CANADA 103.4 56.9 81.7

F.R. GERMANY 99.1 138.5 -28.4

TAIWAN 87.1 51.2 70.1

U.K. 58.0 39.3 47.6

HONG KONG 44.6 43.7 2.0

FRANCE 31.6 9.6 229.2

KOREAN

REPUBLIC 24.2 18.8 28.7

ITALY 21.6 19.4 11.3

1_Tg, 7248.6 1629.9

1982 TOTAL IMPORTS (ALL _): $2.3 SKLLION

_ SHARE GP
TOTAL 1982

71.0

5.9

4.5

4.3

3.8

2.5

1.9

1.4

1.0

1.0

97.3

SOURCE: MODERN PHOTOGRAPHY MAGAZINE: 1983-84 WDLSMAN
REPORT ON THE PHOTOGRAPHIC INDUSTRY IN THE UNITED STATES

11-41



Value of Export

Value of Import

1968 1970 1972 1974 1976 1978 1980 1982 1984

Source: Department of Commerce and National Association of

Photographic Manufacturers- 1984 Wolfman Report on

the U.S. Photographic Industry

Figure 11-6. Competitive Posture of the Photographic

Equipment and Supplies Industry
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Productivity in the Photo_raphlc Equipment and Supplies Industry

The figure in Table Ii-ii shows that the U.S. productivity

(output per employee hour) has been steadily increasing in this

industry since 1967 at a rate of about 6% per year, with the

exception of a slight downturn because of poor market conditions

in 1980. At the same time, the Japanese productivity growth rate

has been about four times higher. One cause of these high

increases in productivity is the incorporation of inexpensive

electronics in 35mm cameras, which eases manufacturing labor

costs while bringing the product cost down.

Capital costs account for the largest proportion of produc-

tion costs (48%). R&D amounts to around 15% of the value of

industry shipments. Materials costs amount to 32% and are

largely due to the precise requirements for product components,

especially lenses and precision mechanisms. Labor costs amount

to 19% of production costs and, therefore, do not have as large

an effect on the product price as materials and capital costs.

Role of Technology in the Lon_-Term Strategic Outlook

Growth in the photographic equipment and supplies industry

is highly cyclical. There is a surge in demand for new products

immediately after an innovation is introduced to the market; but,

in time, market demand for the product drops as a result of mar-

ket saturation. The industry is therefore, classified as neither

sunrise or sunset, but as cyclical.

The photographic equipment and supplies industry is a gener-

al indicator of socioeconomic conditions that reflect changes in

unemployment, economic stability, family size, and consumer con-

fidence. Cameras are generally considered a luxury item; thus,

for the average consumer, camera and film sales reflect the

amount of disposable income available.
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As was previously mentioned, industry market performance is

based in part on product innovation. The lens/shutter 35mm cam-

era is a big seller and should continue to be in the near future,

as technology improvements enable manufacturers to produce more

highly automatic and cheaper products. New faster-speed films

should result in more demand for film processing labs. The elec-

tronic imaging market should also grow, although silver halide
imaging will still be the dominant method for the next generation

of cameras; electronic imaging promises to be important to the

long-term growth of this industry. Double digit growth of the
video market will continue. Electronic enhancement will contri-

bute to the growth of imaging labs and film scales providing
sharper and clearer highlights on prints. The new 35mm camera

will be a simplified SLR with some sort of telephoto or wide

angle capability incorporated in it along with digital electron-

ics that incorporate DX reading systems. DX is a black and sil-

ver digital code printed on the film that indicates the film type
and speed for which the camera should set itself and establishes

an automatic developing system (DX code developed in March of

1983 by KODAK Corp.). New product technologies and probable

dates of significant dispersion throughout the industry are pro-
vided in Table 11-16.

Summary

The photographic equipment and supplies manufacturing indus-

try subdivision is characterized by a wide variety of products;

including consumer market products such as hand-held cartridge

and instant cameras, and business and industrial products such as

film-processlng equipment, photocopiers, microfilming equipment,

cameras, and accesories for professional or industrial applica-

tions. U.S. producers will face increasing competitive pressure

from Japan as it makes further advances in the U.S. domestic

market. Given the nature of market risks and the cyclical nature

of the photographic equipment and supplies market, it is espe-

cially difficult to predict what new technologies will appear on
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the horizons, or what their impact on the photographic equipment

and supplies industry will be in the future.

B. II.4 CONCLUSIONS

Of the three subdivisions of the instruments and related

products manufacturing subsector selected for in-depth analysis,

both optical instruments and lenses, and surgical, medical and

dental instruments are classified as sunrise industries, while

photographic equipment and supplies is a cyclical industry. One

leapfrog technology that may be applicable to the engineering and

scientific personnel shortage in optical instrument manufacturing

is accelerated learning. Leapfrog technologies affecting the

surgical, medical, and dental instruments industry are custom

multiproperty materials for blocompatible implants and pros-

thetics, new medical and biotechnology, and mobile energy storage

systems for some prosthetlcs or artificial organs. New film and

imaging technologies should have the greatest impact on the U.S.

photographic equipment and supplies industry. Potential leapfrog

technologies for this industry include custom multlproperty

materials for an advanced image storage medium and novel mobile

energy storage devices (such as long-llfe lithium batteries) to

improve the performance of off-the-shelf imaging equipment.
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B.12 "STONE, CLAY, AND GLASS" (SIC 32)

The stone, clay, and glass subsector, SIC 32, includes

establishments engaged in manufacturing flat glass and other

glass products, cement, structural clay products, pottery, con-

crete and gypsum products, ceramics, cut stone, and asbestos

products from materials taken from the earth in the form of

stone, clay, and sand. The subsector accounted for 3.1% of the

manufacturing sector's value added contribution to GDP in 1980,

ranking it twelfth within the 20 manufacturing subsectors. This

subsector is characterized by:

A high degree of fragmentation. Out of a total of

approximately 18,000 establishments, 13,000 employed

less than 20 persons (1977).

A labor productivity of $21,979 per employee or $11.45

per employee hour (1980, 1972 $), ranking this subsec-

tot tenth among the nation's 20 manufacturing subsec-

tors. A compound annual labor productivity growth rate

average of l.l%/year from, 1972 to 1980 ranks this

subsector twelfth. The labor productivity for the

comparable Japanese subsector was $12,897 per employee

year or $6.72 per employee hour (1980, 1972 $), ranking

this subsector eighth among Japan's 20 manufacturing

subsectors. The compound annual labor productivity

growth rate for the Japanese subsector averaged

5.8%/year from 1972 to 1980, ranking it third.

A slightly higher than average capital investment base

relative to other subsectors within the manufacturing

sector. Capital investment amounted to $23,796 in

total assets per worker, ranking fifth in terms of

(depreciated) fixed assets (1980, 1972 $). New yearly

capital expenditures were $2,784 per employee (1980,

1972 $), ranking sixth in the manufacturing sector.
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Total capital productivity, measured as dollars of

added value output per dollar of capital investment,
was 0.47 (1981).

A less than average R&D program. For the subsector as

a whole, R&D expenditures amounted to $0.2 billion

(1980, 1972 $), equivalent to 1.7% of the value added

by the subsector in 1980, ranking this subsector

twelfth among the 20 manufacturing subsectors.

Table 12-1 shows the major products of each subdivision of

the stone, clay, and glass subsector, ranked in descending order

in terms of their share of the subsector's contribution to GDP in

1980. Table 12-2 summarizes the principal economic measures of

these subdivisions.

One subdivislon--Concrete, Gypsum, and Plaster Products (SIC

327)--accounted for 30% of the subsector's output in 1980. Three

other subdlvisions--Glass Pressed or Blown (SIC 322), Pottery and

Related Products (SIC 326), and Miscellaneous Nonmetallic Mineral

Products (SIC 329)--ali produce advanced ceramic products which

are significant because of the technologies that their production

requires. In assessing long-term technology needs, we have

selected Concrete, Gypsum, and Plaster Products (SIC 327), and

also the advanced ceramic products industry for further analysis.

B.12.1 CONCRETEp GYPSUMp AND PLASTER PRODUCTS (SIC 327)

Concrete Block and Brick (SIC 3271), Concrete Products (SIC

3272), and Ready-Mixed Concretes (SIC 3273) contributed 88% to

the value of shipments of the concrete, gypsum and plaster

products subdivision (SIC 327). Therefore, these three indus-

tries will be considered together in this analysis.

The concrete products industries include establishments that

manufacture concrete building block and brick, concrete products,
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TABLE 12-I

CLASSIFICATION CP _ MAJGR PRODUC_ _ THE STOHE_

b-_A¥ t AID G%%SS _TBSEOT_ (SIC 32)_,,, A_D RELATIVE

_ON _D ODP IN 1980

sic C,Ol_

327

329

322

324

323

325

326

321

328

SJBDIVISION D_SIGNATION AND
TYPICAL P_DDUCTS

coacmm, m1_..,_ m_s_ n_D,c_s

BLOCKS, AND BRICKS, DR_ MIX
CONCRETE, _AVE HARK_, SILOS, LI_,

OF PARIS, AND GYPS4 BOARD.

ABRASIVE BUFFS, _g_D_

_, HONES, _ WOOL, TRIPOLI,
AS_, CASKETS, _s_RI-GH,FLINT, LF_AD,
SHALE, TALC, GLAd] WOOL, AND STUCCO.

GKAS3 _ 08 _

JARS, J_)S, HILK 90TIT_ES, ASHTRAYS,
_ _, OPTICAL

GLASS, S_rI_AF_, AM)OOBI_TS.

P(RTLAHD, NA_T_sL, XASONRY, A_
POZZOLAN C_i'S.

R_ODOC_ O_ _ 0LASS

AQU_, _0GRS, _ _DFS, AND
LA_CBATCI_ _S_g.

8_g)C_SAL CLk1( m0DOt'm_

CLAY TILE OF AIL T_PES, CLAY _0CK,
AND CLAY BRICK.

FLUSH TANKS, URINAI_, SINKS, DISHF_,
_ONE CHINA, COGKWAF_, PORCELA]_ KNOBS,
SPARK PLUG PGRCELAIN, _ POTS, AND
PORCELAIN "I'U_S.

_TAT 0LAS3

CATH_)RAL (]LASS, PI_ (]LASS, PLATE

GLASS, SP_-_ACLE GLASS, _, A_}
WINDOW GLASS.

C0T S_QI_ AI_ _ R_(X_S

ALTARS, BA_ FONTS, OJRBING SLATE
ROOFING, MONI_MENI_, UPOn, MARBLE
STATUARY, AND MARBLE TABLE 'lOPS.

% _ON

29.9

23.0

18.2

8.8

5.2

5.2

5.0

3.5

1.4

i00.0

SOURCES: U.S. DOC/BOC: STATISTICAL _CT OF '_E U.S., 1982-3
EOP/0MB: STANDARD _ CIASSIFICATION MAI_AL, 1972
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and portland cement concrete in a ready-mlx state. The histori-

cal and current posture of these industries is summarized in

Tables 12-3 and 12-4, which portray their business and structural

profiles, respectively. Table 12-3 shows that, expressed in

constant 1972 dollars, shipments of these industries have

decreased 12% in eleven years, from $6.9 billion in 1972 to $6.1

billion in 1983. Because of the recent economic recovery, the

value of shipments is expected to rise to $6.5 billion in 1984,

an increase of 7%. Employment declined by 17%, from a cyclical

high of 185 million in 1979, to a low of 154 million in 1983.

Labor productivity, i.e., output per employee hour, rose steadily

until 1977; general decline has been apparent, however, from 1977

to 1984.

Table 12-4 shows that the concrete products industries' top

seven firms accounted for $1.2 billion in sales during 1983. Of

the 10,622 establishments, 76% employ less than 20 persons.

Table 12-5 shows that five dominant factors influence or

constrain the concrete products industries. These industries are

highly fragmented: Approximately 84% of the establishments are

single owner firms with an average plant size of 16 persons.

Therefore, very few internal R&D programs exist since their econ-

omic feasibility is limited by low capital expenditure capabili-

ties and low economles-of-scale. Moreover, the diffusion of

external technological innovations from the equipment manufac-

turing subsectors is slow because of the ownership diffusion

among these industries. The industries' market demand closely

follows that of the construction sector, and is, therefore,

affected by several financial factors: Interest rates tend to

fluctuate between wide extremes; companies often have to reserve

capital for periods of low market demand because of the cyclical

nature of the market, which limits the availability of investment

capital for new technological advances.
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TABLE12-3

BUSINESS PROFILE OF THE CONCRETE PRODUCT INDUSTRIES

(SICs 3271, 32721 AND 3273)

(BILLION $) 1972 1977 1979 1981 1983 1984 EST.
CURRENT $ _.9 I0.----_ _ _ _ 14.0

1972 $ 6.9 6.8 7.3 5.8 6.1 6.5

_4PLO_

(THOUSANDS) 176 168 185 165 154 -.

CAPITAL EXPENDITURES

MILLION 19725 390 388 490 341

Index 1977= 100

120

lOO
80

40 I I ] ] ; ]

1984 1088 1062 1006 1070 lg74 1078

Source: Published BLS Data

NET PROFIT MARGIN, 1983 % 8.7

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S. DOC/BOC: CENSUS OF MANUFACTURES, 1977
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TABLE 12-4

STRUC_IURAL PROFILE OFT HE CONCRETE

PRODUCTS INDUSTRIES (SICs 3271p 3272_ 3273)

_ cF _TABLI_N_3
(CATEGORIZED BY NO.

OF EMPLOYEES)

SMALL (<20) 8,057
LARGE (>20) 2,567

TOTAL 10,624
(8954 COMPANIES)

NAME

U_Dn_ _ (1983)
SALES

(MILLION 19725)

LONE STAR INDUSTRIES

GIFFORD-HIIL
IDEAL BASIC

TEXAS INDUSTRIES

SOUTHDOWN

KAISER CE_

435
186

178

152
114

102

NO. OF

_4PLOYEES

87OO

3600

3415

3100
ii00

1449

PROD[_n_ON (X]GT

D_ON, 1977

MFG. LABOR

13%

OTHER

[ABOR MATERIALS

52%
ENERGY

2%
CAPITAL

26%

R&DID[P_DI'I'4_S, (ALL SIC 32)

CURRENT MILLION $, 1980 406

(_[LLmS 1972 $)
VALUE OF EXPORTS

VALUE OF IMPORTS

1972 1977 1979 1981
i.I 9.8 7.0 -'-671[

7.9 4.0 10.2 8.9

1983

8.5

SOURCES: U.S. DOC/BOC: CENSUS OF MANUFACTURES, 1977
1984 VALUE-LINE INVESTMENT SURVEY
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TABLE12-5

CONSTRAINT PROFILE OF THE

CONCRETE PRODUCTS INDUSTRIES

OWN_K_IIP HIGHLY FRAGMENTED. AT LEAST 84% OF
ESTABLISHMENTS ARE ONE PLANT FIRMS

IIW3VATION N_ TECHNOLOGY IS ADOPTED FROM OTHER

INDUSTRIES (EQUIPMENT MANUFACTURING)

FI_ARY POLICY INDUSTRY IMPACTED BY INTEREST RATE

FLUCTUATIONS

AVA]_a.BILITY OF 3NVESIHgIT
CAPITAL

LOW COMPARED_OTHERI_USTRIES

MARKET D_D PATT_W HIGHLY CYCLICAL, CLOSELY FOLLOWS THE
CONSTRUCTION SECTOR

SOURCES: U.S. _L_
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Competitive Issues Affectin_ the Concrete Products Industries

Table 12-4 summarizes export and import statistics for the

concrete products industries. During the eleven year period from

1972 to 1983, exports rose over 600% from $i.i million to $7.8

million (1972 $); imports rose by only 8% in the same period,

from $7.9 million to $8.5 (1972 $). In 1983 the balance of trade

showed only a $0.6 million (1972 $) deficit, while imports and

exports were only 0.2% of total shipments, suggesting that

foreign trade, most of which is with neighboring countries, is

likely to remain small.

Productivity in the Concrete Products Industries

The data in Table 12-3, drawn from published BLS data, show

that productivity for concrete products (excluding ready-mlxed

concrete) increased at an average annual rate of 3.1% from 1960

to 1977, as compared to 2.6% for all manufacturing. This

increase in productivity can be partially attributed to the

increased use of concrete products in the construction market

because of the more widespread application of precast and pre-

stressed concrete as opposed to structural steel and timber.

Another reason for this rise in productivity was a 21% decline in

smaller, less efficient concrete block establishments between

1967 and 1977. The recent drop in productivity--2.1% average

annually from 1977 to 1981--derlves from the impact of the recent

recessions on the construction industry, which has reduced the

market for concrete products.

As shown in Table 12-4, materials in the concrete products

industry during 1977 totaled 52% of production costs, followed by

capital expenditures at 26%, manufacturing labor at 13%, other

labor at 7%, and energy costs at 2%.
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Role of Technology in the Long-Term Strategic Outlook

The concrete products industries have been penetrating the

construction sector (i.e., replacing traditional steel markets)

through the use of improved reinforcing techniques in conjunction

with other materials. The ability of concrete to be molded in

virtually any shape or size enhances its appeal to architects.

Energy conservation advantages can also be realized through the

use of concrete: Passive solar applications are possible due to

their heat absorption properties. The strength and resistance to

earth conditions of concrete enhances its use for underground and

earth-covered construction. These properties and the new commer-

cial appeal of concrete indicate that the concrete products

industry has not yet reached a saturation point with regards to

the construction market. From 1984 to 1988, the industries con-

stant dollar shipments are expected to rise 3%, exceeding the

expected rate of growth of the construction sector.

New Technologies in the Concrete Products Industries

Table 12-6 summarizes the new technologies currently being

developed and used by the concrete products industries. A synop-

sis of these technologies follows:

Material handling technology is a major component of

concrete products manufacturing. The highly mechanized

systems use mobile platforms to move newly cast con-

crete to different operations inside the plant. Auto-

matic cubers are used by the largest block plants in

place of manual methods. The automatic cuber requires

only periodic supervision and replaces four unskilled

workers. The use of material handling technology can

reduce the labor force required by 50%. Diffusion of

these systems throughout the industry will be slow due

to the number of small plants.
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Improved casting methods for blocks, specially designed

precast shapes, concrete panels, and standard pre-

stressed products (such as hollow-cored slabs) are

being developed. Productivity will increase with the

introduction of larger capacity block casting

machines. The new machines can produce 1200 to 1600

standard 8-inch units/hour, while older machines devel-

oped in the 1960s can produce only i000 units/hour.

The larger block casting machines are currently used by

only large block casting firms. Prestressed concrete

(in which steel strands, tensioned by hydraulic Jacks,

are embedded in the concrete to increase tensile

strength) is being improved to accelerate the casting

process with hydraulic drives in some extruding

machines. Diffusion has been very slow because of the

small economles-of-scale and high equipment costs.

Curing technologies will reduce labor in the concrete

products industries by reducing inventories. Most

firms currently cure concrete in the storage yard

(because of the seasonal nature of the industry) which

causes high inventory. Hot oil curing pumps hot oil

under the length of the casting bed to heat and harden

the concrete. Autoclave curing (for blocks and other

small precast products) uses high pressure steam to

cure the concrete and takes half the time of the old

curing method. The hot concrete curing method preheats

the concrete in the mixer, allowing it to cure in

approximately half the time. Once again, diffusion

will be slow due to industry fragmentation.

Automatic batches improve quality control and allow for

greater flexibility, although no actual labor savings

are realized. These are used most often by manufac-

turers of ready-mixed concrete. Automatic batches

electronically select, weigh, and apportion specific

12-12



amounts of aggregates and cement for particular con-
cretes. Computer integration of automatic batchers is

also being implemented. Slow diffusion due to industry

fragmentation is again the limiting factor.

Technological diffusion is generally limited throughout
these industries by their small plant sizes, small local markets,
and the cyclical demand for concrete. The extension of construc-

tion activity and, in particular, concrete manufacturing to a
year-round function, and the greater standardization of building

equipment, would improve conditions for technological diffusion.

Conclusion

Although the performance of the concrete products industries

has historically been tied to that of the construction sector,

the concrete products industries constant dollar shipments are

expected to outgrow those of the construction sector in the next

four years (1984-1988). This is due to the widespread applica-

tion of precast and prestressed concrete in situations were

structural steel and timber were used previously. This indicates

that the concrete products industries have room for growth.

In summary:

The ownership structure of these industries (84% of

establishments are one plant firms) has impeded R&D

activities due to the lack of capital.

Foreign trade is not likely to be a factor in the

industry due to the bulkiness of the product. Cur-

rently, most trade is with neighboring countries.

There has been a recent drop in productivity (2.1%

average annual decrease from 1977 to 1981) due to the

depressed nature of the construction industry.
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Any new technologies in the concrete products indus-

tries will diffuse slowly due to the ownership struc-
ture, and the cyclical and seasonal nature of these
industries.

B.12.2 ADVANCED CERAMIC PRODUCTS INDUSTRY

The advanced ceramic (AC) products industry, like many new

emerging industries, is not classified within the Standard Indus-

trial Classification System, whose codes have not been revised

since 1972. Rather, this industry combines elements from several

subdivisions, including Glass Pressed or Blown (SIC 322), Pottery

and Related Products (SIC 326), and Miscellaneous Nonmetallic

Mineral Products (SIC 329). This industry includes establish-

ments which manufacture AC products valued for their hardness,

strength, and their thermal and electrical properties, all of

which are used in hlgh-performance engines, machines, and elec-

tronic components.

The current and estimated future business profile of the

advanced ceramic industry is summarized in Table 12-7. Expressed

in constant 1972 dollars, industry shipments are forecasted by

DOC to increase nearly ten fold in 20 years, from $335 million in

1980 to $3.26 billion in 2000. This growth can be broken down

into industry components. Figure 12-i illustrates U.S. AC indus-

try shipments (by end use) for 1980 (1972 3); these include inte-

grated circuit packaging (38% of the total), capacitors (39%),

resistors (13%), cutting tools (7%), and wear parts (3%).

Integrated circuit packaging, the fitting of semiconductor

integrated circuits into larger boards, provides a suitable oper-

ating environment within a computer for a working microchip.

Materials used in capacitors, by shipments in 1982 (Figure 12-2),

shows that ceramic use accounted for 78% of shipments. This

segment of the industry is expected to grow 877% in the next 20

years, from 3123 million in 1980 to 31.2 billion (1972 3) by

the year 2000. Capacitors, which store electric energy control
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TABLE12-7

BUSINESS PROFILE OF THE

ADVANCSD CERAMICS INDUSTRY

VAL_ OF C_%qMICS _
IN U.S.

SHIPMENTS (MILLIONS 1972 $)

ALL INDUSTRY

ELECTRONIC COMPONENTS

• INTEGRATED CIRCUIT
PACKAGING

@ CAPACITORS

• OTHER ELECTRONIC USES

ENGINEERING PRODUCTS

@ CUTTING TOOLS
• WEAR PARTS

• HEAT ENGINE PARTS

1980 1985 1990 1995 2000
335 72--8"_ 2200 32--E_

299 610 1051 1466 1953

123 331 583 886 1202

131 195 336 407 504
45 84 132 173 247

36 118 345 734 1312

25 81 213 336 538

Ii 25 I01 210 303

0 12 31 188 471

I_EI_L _ F_ED R&D _

]_IG]]_II_I_ CI_M_C _]_, F_ 1982

D__P.A._/_M_._NTOF ENERGY

• VEHICLE AND ENGINE R&D

• INDUSTRIAL PROGRAM
• ENERGY SYST_gS RESEARCH

• OTH_
NASA

NATIONAL SCIENCE FOUNDATION
DF2_ OF DEFF_SE

TOTAL

AMOUNT

(MILLION 1972 $)

8.1

5.2
0.2

0.2

2.5
0.8

0.6

3.3

12.8

SOURCES: U.S. DOC/INDUSTRY ANALYSIS DIVISION

U.S. DOE/OFFICE OF VEHICLE & ENGINE R&D
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Integrated Circuits Package (123)

Wear Parts (11)

Capacitors (131) Cutting Tools (25)

Resistors (45)

Source: U.S. DOCIIndustry Analysis Division.

Office of Chemical end Allied Products.

Figure 12-1. U.S. Advanced Ceramic Shipments by End Use

12-16



Ceramic (5100)

(50)

(150)

(450)

Tantalum (780)

Source: U.S. DOC/Bureau of Industrial Economics.

Figure 12-2. U.S. Capacitor Shipments by Materials Used for 1982
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the flow of alternating current, and block the flow of direct

current, are a major segment of the AC industry. A growth rate

of 285% In twenty years Is expected, from $131 million in 1980 to

$504 million (1972 $) in the year 2000. Other electronic uses,

such as magnetic components, resistors, and sensors are expected

to grow from $45 million in 1980 to $247 million by 2000, a 449%

increase.

Advanced ceramics are being used extensively In cutting

tools, due to their hardness. The majority of these ceramic

cutting tools are used by the aircraft engine industry for

machining specialized superalloys and by the automotive industry

for cast Iron machining. From 1980 to the year 2000, the ship-

ments of AC cutting tools are expected to rlse from $25 million

to $538 million, (1972 $) a 2052% increase. Their use In wear

parts, ball bearings, pump parts, mechanical seals, nozzles,

etc., is currently limited, but is expected to rise. In the next

20 years, a 2655% Jump in overall use could be realized, from $I1

million to $303 million (1972 $). Heat engine parts are not

being used commercially at the present time; however, by the year

2000 their use should reach the $471 million (1972 $) mark.

These figures generally suggest that the AC industry wlll

grow rapidly and diffuse into many different industries. Table

12-8 shows major firms in the U.S. currently involved In advanced

ceramic production and research, by type of product.

Competitive Issues Affectln_ the Advanced Ceramics Industry

Figures 12-3 and 12-4 show the percent of international

patents issued, from 1970 to 1982, In ceramic compositions and

ceramic coatings products, respectively. Figure 12-3 shows that

U.S. international patents on ceramic compositions decreased from

78% In 1970 to 50% In 1982; among foreign competitors, Japan's

international patents increased from 6% in 1970 to 24% in 1982.

Figure 12-4 shows that U.S. international patents on ceramic
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Figure 12-3. International Patent Activity-Ceramic Compositions
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coatings fell from 72% in 1970 to 61% in 1981, whereas Japan's

rose from 4% in 1970 to 24% in 1981. Because of the significant

increases in international patents issued to Japan, its AC indus-

try will be further analyzed.

The U.S. Department of Commerce delineates a future pattern

of Japanese domination of this industry as follows: "If things

continue as they are now, our assessment is that the United

States will fall behind Japan in the field of advanced engineer-

ing ceramics. Our reasons . . . are as follows:

Japanese domination of the electric components portion

of the advanced ceramics industry;

Japanese domination of the supply of advanced ceramic

powders;

The greater and more organized R&D effort currently

being undertaken in Japan;

Initial performance/cost characteristics of Japanese

demonstration products;

Japanese reputation for investing in long-term product-

market development and accepting short-term losses;

The Japanese record in developing and implementing

superior commercial manufacturing processes and process

technologies."

Japan has claimed much of the world market, as shown in

Table 12-9. The integrated circuit packaging market is now con-

trolled by the Japanese, who are estimated to produce 80 to 90%

of total world AC production. Kyocera (a Japanese firm located

in San Diego) and IBM dominate AC integrated circuit packaging

within the U.S., with Kyocera claiming 70% of the shipments.
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TABLE 12-9

PRODUCTION OF ADVANCED CERAMIC PRODUCT LINES_ 1980

m_lxcT L]_ (1972 $)

CERAMIC POWDERS

INTEGRATED CIRCUIT

PACKAGING

CAPACITORS

PIEZOELECI_ICS

II_MISTOR/VARISTORS

FERRITES

GAS/HUMIDITY SENSORS

TRANSLUCENT CERAMICS
CUTTING TOOLS

STRUCTURAL CERAMICS

TOTAL

JAPAN

(m]_ t) MAturer (mu_ox t)

$ 72.9 52 140. I

302.7 61 493.2

182.2 43 420.3

165.3 91 182.2

70.1 63 112. I

213.0 79 269.0
2.8 11 25.2

11.2 44 25.2
70.1 12 574.5

67.3 48 140.I

1157.6 49 2381.9

SOURCE: G_ORGE B. KENNEDY AND H. KENT BOWEN, "HIGH TECH CERAMICS

IN JAPAN - CURRENT AND FUTURE MARKETS" AMERICAN CERAMIC

SOCIETY BULLETIN, MAY 1983
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Production figures on IBM are not available because of the

company's vertical integration. The world market for AC

packaging, expected to experience the most growth in the elec-

tronic AC capacitor and resistor markets, is currently evenly

split by the U.S. and Japan worldwide. Japan has gained its

advantage in AC electronic components by using a superior, large-

scale manufacturing process which results in lower production

costs. Currently, IBM is the only U.S. firm that is competitive

in the development of AC electronic components.

Trends in world market shares in AC engineering products

(cutting tools, wear parts, heat engine parts) have not been

established yet because of the small amounts of commercial pro-

duction that have occurred. Japan is currently the dominant

world supplier of pure ceramic powders from which these AC pro-

ducts are made. When large-scale commercial production of AC

engineering products begins (projected to be before 1995), compe-

tition will be based on quality and price. The quality of AC

engineering products is Judged by thermal properties, hardness,

corrosion resistance, and predictability of catastrophic

failure. These products give no indication of failure through

deformation, but instead disintegrate into smaller pieces, as

opposed to conventional materials, which show signs of wear.

Role of Technology in the Lons-Term Strategic Outlook

The AC products industry is definitely in the sunrise stage

of development, as shown by its predicted growth in Table 12-7.

New proposed technologies for the industry can be separated into

advanced ceramic electronic components and advanced ceramic engi-

neering products. The theory behind these technologies is dis-

cussed in Section E.I. Applications of these new technologies to

various industries are discussed here and shown in Table 12-10.

The electronic components and applications of advanced cer-

amic technology are as follows:
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Capacltors--Multilayer ceramic capacitors are valued

for their low capacitance levels, high dielectric con-

stant, high resistivity, and low leakage. They are

used in consumer electronic products, computers, tele-

communications equipment, and scientific instruments.

Cost, size, and speed of these capacitors will affect

their future market. Major cost reduction can be

achieved through the use of base metals (nickel, lead,

and tin) in production as opposed to the noble metals

(gold, platinum, palladium, and silver) currently being

used. Noble metals currently account for 35% of the

total cost of a multilayer ceramic capacitor. Reduc-

tion in capacitor size and an increase in capacitance

value will increase the market share. Volumetric effi-

ciency can be increased by increasing the dielectric

constant, reducing the number off dielectric layers, or

decreasing the thickness of dielectric layers. Use of

new dielectric materials (lead, iron, tungsten, and

lead iron niobate), better controlled processing para-

meters, increased automation, and improvements in cer-

amic powder purity will have to be used in order to

meet this need. The speed of advanced ceramic capaci-

tors (to be compatible with higher speeds of future

integrated circuits) can be increased through the use

off ceramic chip capacitors. These chip capacitors need

to be standarized by size in order to gain wide market

acceptance.

Integrated Oircult Paokaging--Advanced ceramic inte-

grated circuit (IC) packaging is used to fit the semi-

conductor chip into larger circuit boards. A suitable

operating environment within the computer or electronic

device is produced by advanced ceramic IC packaging.

Currently, the military is the primary user of ceramic

IC packaging. The most promising ceramic IC packaging

being developed is based on multllayer ceramic sub-
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strates, consisting of layers of ceramic insulators

alternating with conductor circuitry to form high-

density wiring packages. As with ceramic capacitors,

increased market share applications will depend on

cost, size,and speed.

Resistors--The use of ceramic thermistors should find

increasing use as heat sensors in automobiles, to

supply exhaust temperature data important to fuel effi-

ciency, and in microwave and gas ovens.

Sensors--The use of advanced ceramics in sensors is due

to the semiconducting properties of ceramics, which

allow them to transmit current only under certain con-
ditions.

Magnetic Components--AC materials with magnetic proper-

ties are used in permanent magnets, memory units, and

circuit elements. They are derived from iron oxides
combined with one or more metals (nickel, manganese,
and zinc).

Advanced ceramic technology includes the following engineer-

ing applications:

Heat Engine Applications--Advanced ceramics in heat

engines will probably be used first in standard vehic-

ular piston engines as components in cylinders, pis-

tons, and turbochargers because major changes in pro-

duction lines and engine technology will not be

required for these applications. The major reason for

using ceramic engines is their increased system per-

formance, improved wear capability and lower weight.

Critical flaws will also be easier to control. Turbo-

charger rotors are the most significant near-term item

of an advanced ceramic component substitution. Ceramic
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rotors are made from sintered silicon carbide.

Research in ceramic turbocharger rotors is being con-

ducted with private money, as opposed to most other

heat engine applications which are government funded.
Near-term ceramics substitution of other piston engine

components include pistons and piston rings, cylinder
liners and heads, valve lifters, and combustion cham-

bers. Total ceramic piston engines are unlikely

because they do not offer substantial gains in fuel

economy or power production to warrant mass produc-

tion. However, there are new vehicular engine designs

which do offer significant gains in fuel economy and

power production. These include the adiabatic diesel

engine, which is made possible through the use of
advanced ceramics. As compared to the conventional

diesel engine, energy loss can be reduced by 50%, fuel

consumption by 25%, and power can be increased signifi-

cantly in the adiabatic diesel engine. These engines
use thermal energy, normally lost to the coolant and

exhaust systems, to make power through the use of tur-
bomachinery. Use of a ceramic combustion chamber,

(operating at high temperatures and reducing heat loss)

with a turbocompound system, recovers the heat energy

of the exhaust gases and transfers them to the crank-

shaft. Improved fuel economy and greater engine relia-

bility is the result. The U.S. Army Tank Automotive
Research and Development Command has been doing
research in this area since 1976. Use in military and

civilian heavy-duty trucks will come before use in

automobiles.

Gas turbine engine use in vehicles became feasible

in the 1960s with the development of advanced ceramic

materials. Previously, the expense of the superalloys

and their inability to withstand the high-operating

temperatures prevented this development. AC gas tur-
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bine engines -_ •_eviate the problem of expensive alloys,

provide high temperature capabilities, and reduce wear

on engine parts. Advantages of the turbine engine

include improved fuel economy, lower engine weight, re-

duced maintenance, improved performance, and less

pollutants. Currently the Department of Defense

Advanced Research Projects Agency (DARPA) funds four

R&D programs dealing with AC turbine engines. Station-

ary AC gas turbine engines are also being developed.

The use of these engines in aircraft will be the last

to be implemented, because of the high-performance

needed and high-risk involved.

Q Cutting Tools--Recent advances in AC materials and

processing have made them competitive with high-speed

steel and carbide cutting tools. Hardness, chemical

stability, and heat resistance are all characteristics

which give AC cutting tools an advantage. Ceramic

materials are superior for cutting highly abrasive

materials due to their resistance to wear, and are more

effective for cutting at high speeds due to their

resistance to heat. Resistance to thermal shock is one

area where AC cutting tools are lacking because of

their brittleness. Cutting tool use is currently very

limited as compared to the potential market. Techno-

logical advances in the area of brittleness and thermal

shock resistance (as compared to carbide machine tools)

are needed before cutting tools can claim a substantial

market piece. Silicon nitrate-based materials are

considered to have a much greater potential than alu-

minum oxide ceramics, which have been available for 30

years. Alloying ceramic material with zirconia or

titanium is being tried to improve fracture tough-

ness. Unmanned machining (robotics) favors AC cutting

tools because of the stiffness and long-life of the

ceramic inserts.
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Wear Part Appllcations--Ball and roller bearings for

high-performance applications made of AC materials

(silicon nitride in particular) are now finding limited

use in industrial machinery, for corrosive oil, gas,

and chemical processing, and are being researched for

use in automobile and aircraft engines. Improved pro-

cessing methods have allowed densification of silicon

carbide and silicon nitride, which has increased their

tolerance to point or stress loading. The light

weight, heat resistance, and wear resistance of ceramic

bearings are major advantages over conventional (tung-

sten/steel) bearings. Their light weight makes the

centrifugal load lower, thereby improving fatigue life

and high-speed performance. Conventional tool steel

(the highest temperature resistant material now in use)

softens excessively after being exposed to high temper-

atures for long periods of time. Higher temperature

resistant bearings (i.e., advanced ceramic bearings)

will be necessary for future high-speed industrial

machinery. Advanced ceramic pump seals are used in

sand slurries, chemical processing, and oil and gas

recovery. Currently they are the most widely used AC

product in the wear parts category. The same proper-

ties that make AC products useful in other applications

(hardness, low friction, high resistance to corrosion,

high temperature capability) make them useful in pump

seals. Temperature characteristics of advanced cer-

amics have made them perfect for this application,

because of the need to dissipate heat at the surface of

the seal. Stability of shape when heated quickly (di-

mensional stability) is also a critical feature of

advanced ceramics. Sandblast nozzles are now being

made of advanced ceramics due to the need for nozzles

with high wear capabilities and abrasion resistance.
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Table 12-11 lists the strategic materials that advanced

ceramics could replace. Clearly, advanced ceramics will be a key
to the future technological development of many industries.

Conclusion

The advanced ceramic industry is clearly experiencing rapid

growth. Advances in AC technology are continuing in the areas of

ceramic powder production, integrated circuit packaging, capaci-

tors, cutting tools, wear parts, engine design, and other

advanced ceramics products.

Industry shipment of AC products are expected to increase

nearly ten fold in the next 20 years. AC products could replace

the following strategic materials: tungsten, cobalt, nickel,

chromium, molybdenum, manganese, titanium, platinum and palla-

dium, columbium, and tantalum.

Currently, the U.S. and Japan are virtually equal with

regards to technology in the field. If current conditions remain

unchanged, U.S. will fall behind Japan in AC technology.

According to the U.S. Department of Commerce, there are two cate-

gories of technology push and market pull. The technology push

option involves:

Federal R&D expenditures increased for advanced engi-

neering ceramics. The money should be directed at

solving the AC problem of catastrophic failure and at

finding cost-effectlve manufacturing techniques.

Provide an improved technology transfer function of AC

technology from military and space applications to the

private sector.

Increase private R&D on AC technology through federal

incentives such as tax incentives, matching funds, and

low-lnterest loans.
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TKBLE 12-11

POSSIBLE ADVANCED CEPJU_ICS SUBSTITUTION

FOR STRAT_IC _T_IALS

TUNGSTEN W

_B_T

NICKEL Ni

APPLICATION i Cm_ICS
MAI__m

WEAR PARTS (LINERS, PADS,
NOZZLES, BEARINGS, GATES,
SLIDES, VALVES, SEALS).

DIESEL CO_STION PARTS

TUP_GER KYlDRS

HEAT RECOVERY SYST_

DIES_ COMBUSTION PARTS

TURBOCHARGER ROTORS

HEAT RECOVERY SYSTEMS

CH_CAL WARE (ANTI-
CORROSION PIPING, VALVES,
SEALS, ETC., GASIFIER
COMPONENTS, COATINg)

CHROMIUM Cr HFAT ENGINES

CHEMICAL WARE

HEAT EXCHANGERS

MDLYBD_ Mo HEAT RECOVERY SYS_

MANGANESE Mn HEAT ENGINES

TITANIUM Ti WEAR PARTS

C'u_'TING_'IXDOLSAND
ABRASIVES

HEAT APPLICATIONS

PLATINUM AND

PALLADIUM Pt,Pd CHI_MICAL WARE

BERYLLIUM Be STRUC_AL ME_BE_S (FIBER
REINFORCED SPARS; TILES;
CASTINGS)

OOLUF_IUM Nb HIGH-T_4PERATURE
(NIOBIUM ) APPLICATION

TANTALUM Ta HIGH-T_ERATURE
APPLICATION

WEAR PARTS

N/A- NOT AVAILABLE.

_ICAL BKRPd]_S
C_UMICS

D_ONSTRATION, SCALE UP, COST

D_WDNSTRATION, COST

N/A

N/A

D_MDNSTRATION, PROPERTIES; MAIN-
TENANCE OF CURRENT CREEP AND

OXIDATION LEVELS, COST

N/A

FABRICATION AND PERFORMANCE INNO-

VATIONS, D_WONSTRATION, COST

N/A

DI_g3NSTRATION, PROPERTIES, COST

N/A

FABBICATION, P_E, Df_ON-

STRATION, COST

N/A

DEMONSTRATION, PROPERTIES, COST

DEMONSTRATION, SCALE-UP, COST

ACHIE","EHARDN--z2_,N_ COMPOSITE_

N/A

N/A

INNOVATION IN COMPOSITES,
ORG_AMICS TECHNOLOGY
DEVELOPMENT

FABRICATION, PERFORMANCE,
DEMONSTRATION

COSTS, HARDNESS POTENTIAL

N/A

SOURCE: L.R. JOHNSON, ET AL., "A STRUCTORAL CERAMIC RESEARCH PROGRAM: A PRELIMINARY ECONOMIC ANALYSIS,"
ARGONNE NATIONAL LABORATORY, MARCH 1983
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Improve the capacity of the U.S. to transfer foreign

scientific advances in the AC field. This is one par-

ticular area where Japan is much better equipped.

Stimulate universities and colleges to train advanced

ceramics engineers by offering them federal funds for

their programs.

The market pull option includes:

To purchase federal items on the basis of their content

of advanced ceramic products. This could include mill-

tary items, automobiles, and office computing equip-

ment.

The Bureau of Standards must set reliability standards

in AC products to insure quality.

To provide AC producers with liability insurance due to

the problem of AC catastrophic failure.

The primary need for advanced ceramic research, however, is in

the areas of solving the catastrophic failure problem and in

finding a cost-effective method of production.
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B.13 _ltl]BBElt AND I_3CEI,I,/_S;O08 PIJISYIC, S PRODUOYS" (310 30)

The rubber and miscellaneous plastics products subsector,

SIC 30, whose value added accounted for 2.9_ of the manufacturing

sector's contribution to GDP in 1980, comprises the 14th largest

manufacturing industry (in this study, the apparel and other

textile products subsector, SIC 23, the 13th largest manufactur-

ing industry will not be covered). The subsector is character-

ized by:

A high degree of fragmentation. Out of a total of

approximately 18,000 establishments, 13,000 employ less

than 20 persons (1977).

A low labor productivity of $17,988 per employee or

$9.37 per employee hour (1980, 1972 $), ranking this

subsector fourteenth among the nation's 20 manufac-

turing subsectors. A compound annual labor produc-

tivity growth rate average of -0.6%/year from 1972 to

1980 ranks this subsector last. The labor productivity

for the comparable Japanese subsector was $11,508 per

employee year or $5.99 per employee hour (1980, 1972

$), ranking this subsector eleventh among Japan's 20

manufacturing subsectors. The compound annual labor

productivity growth rate for the Japanese subsector

averaged 4.4_/year from 1972 to 1980, ranking this

subsector sixteenth.

An average capital investment base relative to other

subsectors within the manufacturing sector. Capital

investment amounted to $15,962 in total assets per

worker, ranking eighth in terms of (depreciated) fixed

assets (1980, 1972 $). New yearly capital expenditures

were $1,648 per employee (1980, 1972 $), ranking

eleventh in the manufacturing sector. Total capital

productivity, measured as dollars of added value output

per dollar investment, was 0.82 (1981).
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@ An average R&D program. For the subsector as a whole,

R&D expenditures amounted to $0.4 billion (1980, 1972

$), ranking this subsector eighth among the 20 manufac-

turing subsectors. R&D expenditures were equivalent to

2.9% of the value added by the subsector in 1980.

Table 13-1 shows the major products of each subdivision of

the rubber and miscellaneous plastics products industry, with

their share of the subsector's contribution to GDP in 1980 ranked

in descending order. Table 13-2 summarizes the principal eco-

nomic measures of these subdivisions.

One subdivision--miscellaneous plastics products (SIC 307 or

3079) which consists of manufactured plastic products of all

types with the exception of plastic footwear and plastic

hose/belting--accounted for 64_ of the subsector's output in

1980. Because this subdivision considerably dominates the other

subdivisions within this industry, it has been selected for anal-

ysis in order to assess long term technology needs.

B.13.1 MISCELLANEOUS PLASTICS PRODUCTS (SIC 307)

The total plastics industry produced $54 billion in ship-

ments in 1983. The miscellaneous plastics products subdivision

accounted for $37 billion of shipments or 68_; the remaining 32_,

classified as plastics materials and resins (SIC 2821), consti-

tutes captive production or the self-manufacture of plastic pro-

ducts to be consumed within other major industry groups.

Examples of the latter are the automotive industry, food pack-

aging materials, and toy manufacturers. Miscellaneous plastics

products are associated with all other plastic products

industries (with the exception of plastic footwear and plastic

hose/belting).
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TABLE 13-1

, i

SIC CODE

307

301

CLASSIFICATION OF MAJ(IR PRODUCTS OF THE RUBBER

A_D _SC_jmNEOU_ PLASTICSPRODUCTSINDU_ (SIC 30)

AM) OONTHIBUTION T0 SJBSECT_ IN 1980

_JBDIVISION DESIGNATION

AND T_PICAL EDUCTS

i

PLASTIC PI_DUC_I_ OF ALL

RUBB_ INNER _'OBES, TIRES, AND
TIHE REPAIR MATERIALS

CONTRIBb'fION

64.4

18.0

306 OZSBt MUSRICAq_) m _

CKXX]S, _Z]_) FABRICS AND
VUSCANIZED _ (N/YI'HING

12.0

304 I A_K) PLASI'IC3 _ AND H_TIN8

AUTOMOBILE, O_, VACUUM AND
RUB_ AND PLASTIC HOSES A_D BELTS

4.1

302 _ AND PKA_SS[CS _

RUBB_ AND PLASTIC BOOTS, SSOES,
A_D _ HXYI'WEAR

1.4

3O3

RUBBER PRODU6TS OF ALL T_PES

0.I

3O ALL HOBBE_ AND PTASTIC PRODOCTS I00.0

SOURCES: U.S. DOC/BOC: STATISTICAL _CT OF THE U.S. 1982-3

EOP/OMB: STANDARD INIXk%TRIAL CLASSIFICATION MANUAL, 1972
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Business and structural profiles of the miscellaneous and

plastic products subdivision are presented in Tables 13-3 and 13-

4, respectively. Table 13-3 shows that industry shipments

expressed in constant 1972 dollars, have increased 55_ in eleven

years, from $10.7 billion in 1972 to $16.6 billion in 1983.

Employment rose steadily up to 1979, after which it stabilized at

a slightly lower level. Labor productivity, i.e., output per

employee hour, rose from 1972 to 1977, and has stabilized at that

level.

Table 13-4 shows that the miscellaneous plastics products

industry is hiEhly fraEmented; 75_ of its establishments employ

less than 20 persons. A typical manufacturer in this industry

earned a net income of 3% after taxes in 1981 on sales of about

$5 million. The typical plastics fabricator is a small, inde-

pendent business with a potential for modular operations and

incremental expansion. Its finished product is dominated primar-

ily by the cost of input materials (49%), and secondarily by

manufacturlnE and other labor (21%) costs. In 1979 and 1983, the

value of exports in this industry was nearly twice the size of

imports.

The dominant constraint in the miscellaneous plastics

products industry is cost. Because plastic is a petrochemical-

based product, the cost of plastic is dependent on the cost of

oil.

Key Growth Influences in the Miscellaneous Plastic

Products Industr_

The use of fabricated plastic parts has undergone a signifi-

cant change in focus over the last five years. Whereas the early

growth of the industry was driven by the low cost substitution of

plastic parts for natural materials, advances in polymer and

processing technologies in the 1980s have resulted in the pro-

duction of plastic parts with superior performance to natural
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TABLE13-3

BUSINESS PROFILE OF THE

MISCELLANEOUS PLASTICS PRODUCTS INDUSTRY (SIC 307)

._P_I_TS (BI[I_K(_ $) 1972 1977 1979 1981 1983 1984 EST
CURRENT $ 10.7 23.7 29.1 _ 37.0 --

1972 $ 10.7 14.6 15.6 15.7 16.6 17.9

TOTAL _g_LO_T

(THOUSANDS) 346.9 453.7 487.7 469.5 452.2 465.0

Index 1977 = 100

140

130

120

110

100

90

80

70

60 --

50 ¸ I
1972 1873

!

I I I I I I I

1974 1978 1976 1977 1978 1979 1980 1981

Yeara

Source: BLS Data

PLANT CAPACITYUTILIZATI(_, 1982 %

PRETAXPROFIT, 1981, %

_ON_ITY, 1983, %

VALUE OF PLAINT, 1976, CURRENT $, BILLION

N_d CAPITAL EXPENDITURES, CURRENT $, BILLION

64.0

4.2

4.7

7.3

1977 1981
I._ 1.-ff

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S. DOC/BOC: CENSUS OF MANUFACTURES, 1977
U.S. DOL/BLS

VALUE-LINE INVESTMENT SURVEY, 1984
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TABLE 13-4

STRUCTURAL PROt_II_ OF

MISCEIXANIKX_ PIASTIC8 PRODUCTS INDUSTRY (SIC 307)

[_ (1977) _ R (1983)

(CATESORIZI_) BY NO.

OF mPnO_)

(<20)
I_IATE

(20- 1000)

lARGE ( > I000)

TOTAL

(8,824 COMPANIm)

5,827

4,368
17

10,212

%X)TAL I_

NAME (MILLION $)

_, INC. 436.4

WEST CO., INO 190.4

SEAIaD AIR CORP. 124.5

HKIIIG'I'I(]N(X]ST

I_O N, 1977

M_. IABOR

14%

OldER

LABOR MATERIALS _I_GY

7_ 49%

CAPITAL

28%

_,I) _l_I'_

C_ $, MIII_ION, 1981 500

_ONAL _IE

VALUE OF _, OU-_RI_Cr$, BILLION

VALUE OF IMPORTS, O_ $, BILLION

1972 1979 1983

0.38 1.5 1.9

0.25 0.8 1.0

S(_: U.S. D00/BIE: 1984 U.S. INDUSTRIAL CIJTIXX)K

U.S. DOC/IK)C: CENSUS OF MANUFACTURES, 1977

MOODY'S HANDBOOK, 1984
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materials (e.g., ceramics, metals, and wood). At the same time,

the average cost of high performance resins has continued to drop

through the use of alloying or blending with lower-cost commodity

thermoplastics. The result, in many cases, is a lower-cost,

higher-performing plastic part.

A second major growth influence in the plastics products

industry is the key role that plastics fabrication plays in the

rapidly-growing electronics industry, in areas as diverse as

printed circuit boards and business machine housings.

Technology Trends In The Miscellaneous

Plastics Products Industr_

Most technological advances which impact the plastic

products industry are developed outside the industry. For

example, the packaging industry has been a leading proponent of

the so-called "plastic can", a product being developed to replace

the metal can in many food applications. The actual development

process has involved packaging companies, plastic resin

companies, equipment manufacturers and, of course, fabricators.

In point of fact, the packaging company, equipment company, and

resin manufacturer work out the details and the fabricator will

"take orders" for producing the final product. Another second

source of technical development is derived directly from equip-

ment manufacturers, a group that has a vested interest in devel-

oping new and different equipment in order to obsolete "old"

machines and maintain industry shipments.

This outside influence is typical of the plastic products

industry, in which smaller fabrication companies do not have the

budget or interest to take on any but the most elementary

research and development projects. They prefer to leave this

work to the larger resin and/or food packaging companies. In all

probability, any significant product or process developments will

come from these integrated companies.
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Plastic fabrication processes which show the highest level
of future activity include:

Resin transfer molding

Twin screw extrusion and compounding

Reaction injection molding (RIM)

Sheet molding compound (SMC) and injection
molding of bulk molding compound
Pultrusion

Thermoforming

Sheet and film co-extrusion and lamination, and

Injection blow-molding and co-extrusion blow-molding

All of these technologies are being pursued today and many

are already part of viable commercial operations. Future devel-

opment efforts are likely to be focused on such areas as cold

stampable polymers, high-strength structural composites, super-

high temperature polymer processing, flame-retardant plastic

products, biodegradable plastic parts, and so on. However, it is

unlikely that any of these development efforts will be supported

by the fabrication industry itself. These projects will be

undertaken by resin manufacturers, end users, or outside third

parties.

Lon_-Term Technological Assessment of the Miscellaneous

Plastics Products Industr_

Over the next five to 15 years, the miscellaneous plastics

products industry should experience a solid, but cyclical growth

rate as the redefined role of substitution and the growth of the

electronics industry drive plastic products demand. In-house

fabrication together with selected custom fabricators will

support most of these technology developments. However, these

developments will be more likely driven by the end user rather

than the fabrication process itself. In the longer term, as the

needs of end users become more sophisticated and product and
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process technology becomes more proprietary, the role of the

independent fabricator in areas outside of commodity applications
could be decreased.

The technological challenge in this industry will continue

to be the development and fabrication of synthetic materials with

superior performance and light weight--so called high performance

structural composites. Superior performance will depend on two

factors: i) the material used, a function of the up-stream

industries; and 2) the method of "putting materials together."

Current research in these areas is driven by the automotive and

air transportation industries. This research will incorporate

developments from all segments of the chemical, polymer and

fabricated products industries and will have wide-ranging appli-

cations. For example, in the long term, synthetic material could

go a long way towards replacing conventional building materials.

Generally, the long-term technological challenge will be to

derive the same performance from synthetic materials--cubic inch

for cubic inch--that is currently possible from conventional

materials such as steel and wood. Pound for pound, synthetics

are already superior to natural materials in many end uses, and,

the inventory of useable synthetic materials is quite large: 50

unique polymers, a dozen or so fibers, and an almost unlimited

number of fillers and additives. It is most likely, therefore,

that future breakthroughs in the development of structural syn-

thetic materials will derive from selecting the right materials

among a multitude of choices and fabricating them in such a way

as to achieve a unique performance.

Assuming that both the materials and a structure are avail-

able, key technologies will also depend upon the designing of

machines to perform a particular task. An example which received

considerable publicity was the design and fabrication of a struc-

tural skeleton for a space station. Work is currently being

performed on an epoxy-impregnated carbon-fiber ribbon, which can
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be fed into a fabricating machine and converted into a structural

"beam". This lightweight, yet strong material, and the process

associated with its conversion to a useful product, could greatly
reduce the cost of building in space.

In addition, new technologies need to be developed in the

adhesives industry. As synthetic building materials emerge, new
ways must be developed to hold the pieces together--quite likely

mechanical fasteners will give way to chemical fasteners or

adhesives.

Many of these technology issues have already surfaced in the

aerospace and automotive industry as engineers have sought

improved fuel economy through weight reduction. For example, the

relatively simple task of aligning automotive body parts for

welding became nearly impossible when the industry started usin E

plastic with pre-drilled holes--the parts would never line up

exactly with the holes. A potential solution to this problem is

to use adhesives. However, there is clearly a long way to go

before we can efficiently produce these products with synthetic

materials.

In the future, it will become more difficult to distinguish

between rubber and plastic products. Alloys and blends of elast-

omers and plastic resins are common today and will increase over

time. Plastic resins provide stiffness for rubber produc_s and

elastomers provide impact resistance and flexibility for plastic

products. Both are made from synthetic resins which are derived

from many of the same basic molecules. Thus, the final part of

this challenge will be to look beyond conventional industry

boundaries in search of all kinds of materials which can be com-

bined with rubber and plastic to create new structural

composites.

13-11



Conclusion

The miscellaneous plastics products industry is one of the

fastest growing industries in the U.S., although at present it is

the smallest (in-terms of value-added contribution to GDP)

industry reviewed in this report. In the future, the industry is

expected to continue to grow faster than the U.S. economy in

general as plastics are combined with textiles, fiberglass,

rubber, and carbon fibers to produce composites to replace cur-

rently-used conventional materials. The new composite materials

will be found in a wide range of products ranging from aircraft

and automobiles to buildings.

The miscellaneous plastics products industry has an average

R&D program but augments developments that arise with research

advances developed by other industries.

The needs of the industry can be categorized into two areas:

Development of synthetic materials to replace wood and

metal as structural building materials, and to replace

or be blended more with rubber. Currently, this devel-

opment is dependent upon research results from the

chemical, polymer, and fabricated products industries.

New technologies are needed to develop chemical

adhesives to replace currently used mechanical

fasteners.
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TABLE 11-11

BUSINESS PROFILE OF 'l'dE _C _ _D
_pLI'k'R _ (810 3_)

I i |

(BIILIOH $) 1972 1977 1979 1981 1982 1983

""(_g[=_I_¢ _ _ 9.9 _ _ _ liBTi'.1

1972 DOM.AR 5.6 7.7 9.5 9.3 9.9 9.9

(TBUJ,.RANDB) 96.o 111.7 114.1 114.2 116.7 108.7

Index 18772 100

14o 1

40

Out¢

20 ,ut

ot I J
le°8 18e= 18ee

Source: Unpublished BL8 Dmt8

I I
1870 1874

.qE _ HAm', IF_ADII_ _, 1983

Smf _ _'l_l_ 1983, mILION $

SOURCES: U.S. IX)C/BE: 1984 U.S. INIXJSRIAL

U.S. DOC/BOC: CENTS CF MANI_A_, 1977
VAI.XJF.,-LII_ _ SLRVEYS, +1984

U.S. DOL/_S
, i

1878 1882
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TABLE 11-12

SIRUCTt_ PROFILE C_ THE PHOTOGRAPHIC _ AND
3UFPLL_ INDUCtee (SIC 386)

- '- - - (1977)
(CATI_ZI_ BY NO.

o_ _a:,_)

S_¢L (<20)
II,II'I_:M_)IATE(20-1000)
LABILE(>1000)

TOTAL

(702 OOMPAm:ES)

515
,250

15

780

__ ]B'IBIIIS(I_)D0_CALLY

SALSS (MIL_C_ $)

[C_DAI(O(_AWL 5O65
CO_O_TI(_ 3795

POIA_ID 00RPCRATION 728
(X)Rt'ORATION 26O

_UN _8T

UJ___ 1977

IABCR LABOR

9% lO%

NATI_IALS Et_R_ CAPITAL

32% 1%

_ AKXXXN_II_)]R]R BY ]R)I]RIAII]ES_'_ 72%

U.S. IX)C/BOC: CEIC..RIIS_ _AC-'I"URES, 1977

V_LII_ INVES'IRE_T SJRVBYS, 1984
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'I'ABU_ 11-13

D(RINAN_ _NTS _NG TIE Pt_TOGRAPtIIC _QUIPM_T AND
:_UPPLIES INDUSTRY (SIC 386)

INVR_I_ H[SK

IN__

PRINCIPAL _ACT

SIR0f_ U.S. DOL[AR LIMITS EXPORTS, HIGH
INT_RES_ RATES LIMIT DOM_TIC IN[X/3-

TRIAL A_D PROFESSIONAL SALES, WHILE
_ S_CT08 IS _JL_LE _ _

OF _' DISCRETIONARY INCOME.

MARKET OX)SEL¥ _ _O BU3INE3S CYCLE

AND PRODEET INNOVATION CYCLE. _D O_

RECESSION AND INCRFASED _ CON-

PIDENCE HELP3 SALES.

OV_ 90_ OP U.S. H_L_EHOL_ _

OWN CAM_AS. GROWTH _ _ SALSS

IS _ C0_PAR_D _D GROW_ IN THE

AND _INISHIN_ _ARKETS, WHIC_
HAVE LOW_ ROI.

IS TYPICALLY FdRCHASED PROM

HARI_AP_ MAND'_AC2_.g_, I_ FROM
MANUFACTURERS: LEAD_ TO BACKIEGS

AND DI_ICULT_ PROTECTIN_ PATENTS.
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Competitive Issues Affectin_ the Photographic Equipment and

Supplies Industr_

In the past few years, the industry has been developing a

dichotomous market nature. Products are being developed for a

silver imaging market and for a newer hlgh-tech electronic

imaging market, as opposed to a single "photo" market. Each of

these markets produces products for both amateur/consumer use and

industrial use.

o

Silver Imaging

The silver imaging market retains the traditional flavor of

the photographic industry, developing and producing devices that

use silver halide in an emulsion method for producing high

quality images. These include the traditional products:

• 35mm cameras--_th single lens reflex (SLR) and lens/

shutter (nonSLR),

• cartridge cameras,

• disc cameras,

• instant photography,

• photographic film, and

• other camera accessories.

35m Camera Market--Imports provide virtually the sole

source of both single lens reflex (SLR) and lens/shutter (nonSLR)

35mm cameras. These cameras account for approximately one-fourth

of the total U.S. still camera sales. Any meaningful analysis 0f

this market must start with the realization that there is no

longer a single 35mm market, but two markets: the 35mm SLR mar-

ket and the 35mm lens/shutter market.

The first market, the SLR market, is a relatively high

priced, sophisticated one, catering to professionals, serious

amateurs and semi-involved amateurs. In the past several years,
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market growth has come from this last group of consumers, who are

mainly affluent buyers with substantial amounts of disposable

income.

This market has matured only slightly in recent years.

Shipments of SLRs for 1983 were approximately 2.7 million cam-

eras, up only slightly from the 2.6 million units shipped in

1982. This trends suggests that most of the potential SLR users

have already been converted to actual users.

The lens/shutter (nonSLR) camera market shows the exact

opposite trend. Shipments in 1983 soared to 1.4 million units,

up 40% from 1982 and almost 150% over the half million lens/shut-

ter cameras shipped in 1980. These sophisticated cameras have

the point and shoot convenience of a box camera, with auto-wind,

built-in flash, coated hlgh-speed lens and automatic exposure

control features. More importantly, the addition of sophisti-

cated elect ronlcswasaccompanied by the ability to produce these

cameras at incredibly low prices. Selling prices of approxi-

mately $I00 have created a mass market of amateur users who want

the sophistication of SLR cameras without the high price. The

lens/shutter camera will become increasingly popular in coming

years.

Cartrldge Cameraa--Sales of ii0 cartridge-loading cameras

fell sharply in 1983, partially as a result of increased competi-

tion from disc cameras and 35mm lens/shutter cameras which offer

considerable advantages for only slightly more money. Approxi-

mately 3.5 million cartridge-loading cameras were sold in 1983,

down 12% from 1982 and 50% from 1981, The accelerated decline of

this market may also be attributable to the fact that these cam-

eras are sold in a market where better than 90% of the households

have cameras. Many of the consumers in this market are blue

collar workers who have been severely affected by the recession.

Although the recession is officially over, its impact will linger

for a while, especially in the area of luxury items. This
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lingering effect, together with the increasing popularity of

the disc and lens/shutter models, will contribute to the decline

and probable elimination of this market.

Disc Cameras--In 1982, disc camera shipments exceeded those

of cartridge cameras despite the generally reduced demand for

photographic equipment. Eastman Kodak, which developed the disc

camera, supplied vlr_ually all of the five million disc cameras

shipped to U.S. retailers and the three million units to foreign

customers, in 1982. However, in 1983, less than two years after

its introduction, the disc camera was being produced in low cost

versions by camera makers in Hong Kong, Taiwan, Japan and

Germany. Domestic and foreign manufacturers together shipped

between five and six million units to U.S. retailers.

Instant PhotoEraph_--Consumer purchases of instant cameras

are shrinking. Sales of instant cameras remained at approxi-

mately 3.5 million unlts_Tor 1983, the same as in 1982, and down

1.5 million units from ig8_ _. Japanese instant cameras and film,

which reached foreign markets two years ago, have adversely

affected U.S. foreign sales. Attempts to reverse this downward

trend include the introduction of instant films with faster

speeds and films that allow the separation of the print from the

development backing. Other innovations include infrared light

sensing and electronic prejudging of the amount of light needed.

The identification of new markets in the technical and industrial

areas should offer future growth for those instant cameras that

have been prevlously Introduced into the market. Since technol- _:

ogy in this field has not advanced too rapidly, the existing

units will certainly support the instant film industry.

Photographic Film--The value of sensitized photographic film

and plate shipments was approximately $4.7 billion during 1983.

Recent technological improvements include advances in image

sharpness, grain and speed. For example, disc camera film uses a

precisely calculated formula of color couplers to increase the
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development of silver halide crystals in lightly exposed areas,

improving color contrast and sharpness.

U.S. manufacturers also introduced ISO I000 film in 35mm

format. This film, the world's fastest, allows for exposures

under very low lighting conditions. The push to develop faster,

more light sensitive films can be expected to continue for the

next several years. The new transparency film technologies make

possible the processing of slides and instant prints from slides

in less than five minutes without darkroom facilities.

The Japanese have introduced their own disc films and

improvements to existing color film lines. To attract attention

to these products, Japanese suppliers have increased their adver-

tising and promotional campaigns, including the sponsoring of

major events such as the 1984 Los Angeles Summer Olympics.

Retail sales of photographic film have a direct bearing on

photofinishing services. The increased number and variety of

photographic films have helped to encourage an increase in the _

number of exposures, especially by amateur consumers. In

exposures increased 6_ to 11.4 billion, with 95_ of consumers -_

using color film. The new films should also increase the number

of good exposures per roll which in turn encourages reprints_

enlargements. Thus, increased film quality will continue

encourage growth in photofinishing services.

Other Camera Accessories--Two other major categories, elec-

tronic flash units and interchangeable lenses, also declined in

1983.

Electronic flash dropped from 3.0 million units shipped in

1982 to 2.5 million units in 1983. A prime reason for this

decline is the incorporation of built-in flash units in most of

the current lens/shutter (nonSLR) cameras, which should lead to

more convenience and value and stimulate sales of the 35mm

lens/shutter cameras.
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While interchangeable lens shipments increased by i0_ from

3.0 million units to 3,3 million for 1983, this was still below

the record 3._ million lenses shipped in 1981. Approximately,

60_ of lenses sold are zoom lenses. Although significantly more

expensive, one zoom lens can function in place of three or four

fixed focal length lenses. Increased usage of zoom lenses will

continue to affect the shipments of interchangeable lenses.

Electronic Ima_in_

The electronic imaging, or video, market has been entering a

transition phase, from a small enthusiasts' market to a huge mass

market. Hardware and software are becoming less expensive and

easier to use. Thus, virtually every major photographic company

is active in the electronic market as a producer of video ce_-

eras, as a marketer of video tapes or as the manufacturer of

specialized products combining both silver-imaging and electronic

imaging technologies.

Areas covered by electronic imaging include:

video cassette recorders and tapes,

video cameras and camcorders,

microfiche, and

photocopying.

Video Cassette Recorders and Tapes--As in the case of most

video products, sales of video cassette recorders (VCR) and tapes

reached record highs in 1983. Total VCR sales of 4 million units

for 1983 doubled the 2 million units sold in 1982. Prerecorded

tape sales increased from 6 million to 8 million units. Blank

tapes experienced a dramatic increase in sales, from 28 million

units in 1982 to approximately 50 million units in 1983.

7

All of these sales trends indicate that the video market

will continue a rapid growth period. Another interesting aspect

of the development of this market is the change in the average
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household income of the VCR consumer from $53,000 to $34,000,

which indicates that the video market is moving into a truly

"middle class" market with mass market growth potential.

Video C_t_s and Camcorders--One of the more significant

developments in the electronics imaging market was the introduc-

tion of an 8mm vldeo camera-recorder system by Eastman Kodak.

Introduced in 1984 together with a complete set of video

tapes, this product represents the full-scale entry of a major _

U.S. photographic company into the electronlc imaging market.

Two compact "camcorder" models have been introduced together

with a special cradle which provides recharging capability and

playing facilities for the video tape. The more expensive "cam-

corder" model offers many of the conviences of the Super 8 movie

cameras, including automatic focus and power zoom. The less :_

expensive model has manual focUs and fewer automatic features.

This product is clearly aimed at Kodak,s traditional "family" _

market, with its integrated design and easy-to-use features.

However, the wide range of video tape formats being offered with

the system also allow wide-range professional applications.

Tables 11-14 and 11-15 show the top ten foreign consumers of

U.S. photographic goods and the top ten foreign suppliers of

photographic goods to the domestic market, respectively. U.S.

exports are spread relatively evenly among the top five con-

sumers, but imports are not evenly distributed. Japan accounts

for 71% of 1982 U.S. imports of photographic goods. Most imports

are also showing very rapid growth rates, especially in compar-

ison with the low growth rates of U.S. exports. Figure 11-6

reflect the recent foreign market activity. From this Table it

is evident that the U.S. positive balance of trade has been

declining at a rate of about 9.5% per year from 1972 through

1983.
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TABLE 11-14

COMPARISON QF EXPOR_ TO LFADING

FOREIGN 0_ (TOP I0)

1982 1979

CANADA 317.0 256.9 23.4

JAPAN 270.3 233.6 15.7

U.K 263.9 233.5 13.0

196.1 150.2 30.6

_:{ANC_ 172.8 120.0 44.0

F.R. _ 167.7 223.1 -24.8

AU3TRALIA 106.8 97.2 9.9

UNITED ARAB

_'I'E;S 102.1 42.8 135.5

1TAT3 82.7 77.1 7.3

I_D[ICO 76.2 80.1 -4.9

22/18,5 151JI.5

.Jcm¢ 1982

70.0

SOURCE: _RAP_ _AGAZINE: 1983-84 WO_

REPORT ON _ PB3COGRAP_C INDUSTRY IN TIE UNITED STATES
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TABLE 11-15

COMPARIS(_I O_ IMPORTS _ LEADING
IK)REI(]NCOUNTRIES (TOP 10)

(X]I]IN'miT

JAPAN 1642.4

BEI_IL_ 136.5

CANADA 103.4

1_'.R. GI_IANY 99.1

TAIWAN 87.1

U.K. 58.0

KONS 44.6

I_ 31.6

KOREAN
REPUBLIC

I?AL¥

im_ 1979-82 (_)

9.6k

1978

1190.8 37.9

61.7 121.i

56.9 81.7

138.5 -28.4

51.2 70.1

39.3 47.6

2.0

229.2

211.2 18.8 28.7

21.6 19.4 11.3

T(]CKL 2248.6 1629.9

1982 _P_ _ (AIL _): $2.3 SI_I(m

B_mmfr SHARK Q_

T0¢_ 1982

71.0

5.9

4.5

4.3

3.8

2.5

1.9

1.4

1.0

1.0

97.3

SOURCE: MO_ P_0TOG_Ph_ _GAZIN_: 1983-84 MgLPMAN

REfDR_ ON TiE P_'I_RAPHIC I@_'I'I_ IN THE I/N-ITBI)_ATFZ
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Billion $

2.0

Value of Export

Value of Import

Source: Department of Commerce end National Association of

Photographic Manufecturors-1984 Wolfmxn Report on
the U.8. Photographic Industry

Figure 1 1-6. Competitive Posture of the Photographic

Equipment and Supplies Industry
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Productivity in the Photographic Equipment and Supplies Industry

The figure in Table 11-11 shows that the U.S. productivity

(output per employee hour) has been steadily increasing in this

industry since 1967 at a rate of about 6% per year, with the

exception of a slight downturn because of poor market conditions

in 1980. At thesame time, the Japanese productivity growth rate

has been about Your times higher, One cause or these high

increases in productivity is the incorporation of inexpensive

electronics in 35mm cameras, which eases manufacturing labor

costs while bringing the product cost down.

Capital costs account for the largest proportion of produc-

tion costs (48%). R&D amounts to around 15% of the value of

industry shipments. Materials costs amount to 32% and ar_ _-

largely due to the precise requirements for product components,

especially lenses and precision mechanisms. Labor costs amoun_

to 19% of production costs and, therefore, do not have as large

an effect on the product price as materials and capital costs.

Role of Technology in the Lons-Term Strategic Outlook

Growth in the photographic equipment and supplies industry

is highly cyclical. There is a surge in demand for new products

immediately after an innovation is introduced to the market; but,

in time, market demand for the product drops as a result of mar-

ket saturation. The industry is therefore, classified as neither

sunrise or sunset, but as cyclical.

The photographic equipment and supplies industry is a gener-

al indicator of socioeconomic conditions that reflect changes in

unemployment, economic stability, family size_ and consumer con-

fidence. Cameras are generally considered a luxury item; thus,

for the average consumer, camera and film sales reflect the

amount of disposable income available.
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As was previously mentioned, industry market performance is

based in part on product innovation. The lens/shutter 35mm cam-

era is a big seller and should continue to be in the near future,

as technology improvements enable manufacturers to produce more

highly automatic and cheaper products. New faster-speed films

should result in more demand for film processing labs. The elec-

tronic imaging market should also grow, although, silver halide

imaging will still be the dominant method for the next generation

of cameras; electronic Imaging promises to be important to the

long-term growth of this industry. Double digit growth of the

video market will continue. Electronic enhancement will contri-

bute to the growth of imaging labs and film scales providing

sharper and clearer highlights on prints. The new 35mm camera

will be a simplified SLR with some sort of telephoto or wide

angle capability incorporated in it along with digital electron-

ics that incorporate DX reading systems. DX is a black and sil-

ver digital code printed on the film that indicates the film type

and speed for which the camera should set itself and establishes

an automatic developing system (DX code developed in March of

1983 by KODAK Corp.). New product technologies and probable

dates of significant dispersion throughout the industry are pro-

vided in Table 11-16.

_ummar_

The photographic equipment and supplies manufacturing indus-

try subdivision is characterized by a wide variety of products;

including consumer market products such as hand-held cartridge

and instant cameras, and business and industrial products such as

film-processlng equipment, photocopiers, microfilming equipment,

cameras, and accesories for professional or industrial applica-

tions. U.S. producers will face increasing competitive pressure

from Japan as it makes further advances in the U.S. domestic

market. Given the nature of market risks and the cyclical nature

of the photographic equipment and supplies market, it is espe-

cially difficult to predict what new technologies will appear on
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the horizons, or what their impact on the photographic equipment

and supplies industry will be in the future.

B.II.4 CONCLUSIONS

Of the three subdivisions of the instruments and related

products manufacturing subsector selected for in-depth analysis,

both optical instruments and lenses, and surgical, medical and

dental instruments are classified as sunrise industries, while

photographic equipment and supplies is a cyclical industry. One

leapfrog technology that may be applicable to the engineering and

scientific personnel shortage in optical instrument manufacturing

is accelerated learning. Leapfrog technologies affecting the

surgical, medical, and dental instruments industry are custom

multiproperty materials for biocompatible implants and pros-

thetics, new medical and biotechnology, and mobile enerzy storage

systems for some prosthetics or artificial organs. New film and

imaging technologies should h_ve the greatest impact on the U.S.

photographic equipment and supplies industry. Potential leapfrog

technologies for this industry include custom multlproperty

materials for an advanced image storage medium and novel mobile

energy storage devices (such as long-life lithium batteries) to

improve the performance of off-the-shelf imaging equipment.
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B.12 "STO_, CLAY, AID C_A33" (SIC 32)

The stone, clay, and glass subsector, SIC 32, includes

establishments engaged in manufacturing flat glass and other

glass products, cement, structural clay products, pottery, con-

crete and gypsum products, ceramics, cut stone, and asbestos

products from materials taken from the earth in the form of

stone, clay, and sand. The subsector accounted for 3.I_ of the

manufacturing sector's value added contribution to GDP in 1980,

ranking it twelfth within the 20 manufacturing subsectors. This

subsector is characterized by:

A high degree of fragmentation. Out of a total of

approximately 18,000 establishments, 13,000 employed

less than 20 persons (1977).

A labor productivity of $21,979 per employee or $11.45

per employee hour (1980, 1972 $), ranking this subsec-

tor tenth- among the nation's 20 manufacturing subsec-

tors. A compound annual labor productivity growth rate

average of l.l$/year from, 1972 to 1980 ranks this

subsector twelfth. The labor productivity for the

comparable Japanese subsector was $12,897 per employee

year or $6.72 per employee hour (1980, 1972 $), ranking

this subsector eighth among Japan's 20 manufacturing

subsectors. The compound annual labor productivity

growth rate for the Japanese subsector averaged

5.8S/year from 1972 to 1980, ranking it third.

A slightly higher than average capital investment base

relative to other subsectors within the manufacturing

sector. Capital investment amounted to $23,796 in

total assets per worker, ranking fifth in terms of

(depreciated) fixed assets (1980, 1972 $). New yearly

capital expenditures were $2,784 per employee (1980,

1972 $), ranking sixth in the manufacturing sector.
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Total capital productivity, measured as dollars of

added value output per dollar of capital investment,

was 0.47 (1981).

@ A less than average R&D program. For the subsector as

a whole, R&D expenditures amounted to $0.2 billion

(1980, 1972 $), equivalent to 1.7% of the value added

by the subsector in 1980, ranking this subsector

twelfth among the 20 manufacturing subsectors.

Table 12-I shows the major products of each subdivision of

the stone, clay, and glass subsector, ranked in descending order

in terms of their share of the subsector's contribution to GDP in

1980. Table 12-2 summarizes the principal economic measures of

these subdivisions.

One subdivision,-Concrete, Gypsum, and Plaster Products (SIC

327)--accounted for 30% of the subsector's output in 1980. Three

other subdivisions--Glass Pressed or Blown (SIC 322), Pottery and

Related Products (SIC 326), and Miscellaneous Nonmetallic Mineral

Products (SIC 329)--ali produce advanced ceramic products which

are significant because of the technologies that their production

requires. In assessing long-term technology needs, we have

selected Concrete, Gypsum, and Plaster Products (SIC 327), and

also the advanced ceramic products industry for further analysis.

B.12.1 CONCRETEp GYPSUM_ AND PLASTER PRODUCTS (SIC 327)

Concrete Block and Brick (SIC 3271), Concrete Products (SIC

3272), and Ready-Mixed Concretes (SIC 3273) contributed 88_ to

the value of shipments of the concrete, gypsum and plaster

products subdivision (SIC 327). Therefore, these three indus-

tries will be considered together in this analysis.

The concrete products industries include establishments that

manufacture concrete building block and brick, concrete products,
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and portland cement concrete in a ready-mix state. The histori-

cal and current posture of these industries is summarized in

Tables 12-3 and 12-4, which portray their business and structural

profiles, respectively. Table 12-3 shows that, expressed in

constant 1972 dollars, shipments of these industries have

decreased 12_ in eleven years, from $6.9 billion in 1972 to $6.1

billion in 1983. Because of the recent economic recovery, the

value of shipments is expected to rise to $6.5 billion in 1984,

an increase of 7_. Employment declined by 17_, from a cyclical

high of 185 mllllon in 1979, to a low of 154 million in 1983.

Labor productivity, i.e., output per employee hour, rose steadily

untll 1977; general decline has been apparent, however, from 1977

to 1984.

Table 12-4 shows that the concrete products industries' top

seven firms accounted for $1.2 billion in sales during 1983. Of

the 10,622 establishments, T6_ employ less than 20 persons.

Table 12-5 shows that Tire dominant factors influence or

constrain the concrete products industries. These industries are

highly fragmented: Approximately 84% of the establishments are

single owner firms with an average plant size of 16 persons.

Therefore, very few internal R&D programs exist since their econ-

omic feasibility is limited by low capital expenditure capabili-

ties and low economles-of-scale. Moreover, the diffusion of

external technological innovations from the equipment manufac-

turing subsectors is slow because of the ownership diffusion

among these industries. The industries' market demand closely

follows that of the construction sector, and is, therefore,

affected by several financial factors: Interest rates tend to

fluctuate between wide extremes; companies often have to reserve

capital for periods of low market demand because of the cyclical

nature of the market, which limits the availability of investment

capital for new technological advances.
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TABLE 12-3

]KBI]_,SS PBOFLLE OF THE CONCRETE PRODUCT IIa_STRIES

(SICs 32TI_ 3272_ AND 3273)

(BILLIOII $) 1972 1977 1979 1981 1983 1984 EST.
CtmREm'$ -6T9 _ _ _ _ 14.o
1972 $ 6.9 6.8 7.3 5.8 6.1 6.5

(THOUS_TDS) - L_'176 168 185 165 154

cAPr£11L _l_[Pl_l)l'l't]llxs
MILLION 19/2$ 390 388 490 341

u

Index lg77= 100

120

100

80

60

Output

Output Per Employee Hour

40 I I I I I
les4 le6s lee2 tm t97o tar4 lgre

Source: Publlehed BLS Data

II_ I_OFIT M_SIN, 1983 % 8.7

SOURCES: U.S. DOC/BIE: 1984 U.S. INDUSTRIAL OUTLOOK

U.S. DOC/BOC: CENSUS OF MANUFACTURES, 1977
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TABLE12-4

STIUCTxRAL PROPIL_ OF _ OOI_HE_

PRODUCI_ __ (SICS 3271 t 3272p 3273)

_ OB B3_B,I_I_S

(CATEQORIZBD BY NO.

OF _PLOI'_3)

SMALL(<20) 8,057
Um_ (>20)

TOTAL

(8954 C_PAI_E3)

L0_ STAR INI_STRIES
2,567 G_HILL

BASIC
10,624 _ INIXISIRIES

_N
KAIStR_ _

435
186 36OO

178 3415

152 3100
114 1100

102 1449

PB0_IOM_ M_.IAB(_

DESIRIBR'IQN,1977 13% "

O_

IABOR

--Tr-
MA'I_

52%

CAPITAL

26%

(ALL sic 32)
I_ _,;, $, 1980

1981
-6Ui"
8.9

406

U.S. DOC/BOC: CENSUS OF _ACTURE3, 1977
1984 VAI/I_LINE _ SRVEY
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TABLE 12-5

CONSTR/IINT PROFILE OF THE
CONCRETE PROIXETS INDUSTRIES

EErABL_ ARE ONE PLANT FIP_S

I]liOV._'IOll N_ I_OINOLOE£ I3 ADOPTED FE_ _

IRX_rRIES (B_JIH_NT _A_ll_)

INIXISIRY IMPACTHI) BY INUERF_6"TRATE

FLUCTUATIONS

AVAIIAIIILITI OF

CAPITAL

LOW COMPARI_) TO _ INDUSTRIES

MABKET Z Pm HI'fLY CYCLICAL, CLOSELY FOLLOWS THE
CONSI_IICTION

SOURCES: U.S. DOL/BLS
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Competitive Issues Affectin_ the Concrete Products Industries

Table 12-4 summarizes export and import statistics for the

concrete products industries. During the eleven year period from

1972 to 1983, exports rose over 600% from $I.i million to $7.8

million (1972 $); imports rose by only 8% in the same period,

from $7.9 million to $8.5 (1972 $). In 1983 the balance of trade

showed only a _$0,6 million (1972 $) deficit, while imports • and

exports were only 0.2% of total shipments, suggesting that

foreign trade, most of which is with neighboring countries, is

likely to remain small.

Productivity in the Concrete Products Industries

The data in Table 12-3, drawn from published BLS data, show

that productivity for concrete products (excluding ready-mlxed

concrete) increased at an average annual rate of 3.1% from 1960

to 1977, as Compared to _% for all manufacturing. This

increase in productivity ca, be partially attributed to the

increased use of concrete products in the construction market

because of the more widespread application of precast and pre ....

stressed concrete as opposed to structural steel and timber.

Another reason for this rise in productivity was a 21% decline in

smaller, less efficient concrete block establishments between

1967 and 1977. The recent drop in productivity--2.1% average

annually from 1977 to 1981--derives from the impact of the recent

recessions on the construction industry, which has reduced the

market for concrete products.

As shown in Table 12-4, materials in the concrete products

industry during 1977 totaled 52% of production costs, followed by

capital expenditures at 26%, manufacturing labor at 13%, other

labor at 7%, and energy costs at 2%.
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Role of Technology in the Lon6-Term Strategic Outlook

The concrete products industries have been penetrating the

construction sector (i.e., replacing traditional steel markets)

through theuse of improved reinforcing techniques in conjunction

with other materials. The ability of concrete to be molded in

virtually any shape or size enhances its appeal to architects.

Energ_ conservation advantages can also be realized through the

use of concrete: Passive solar applications are possible due to

their heat absorption properties. The strength and resistance to

earth conditions of concrete enhances its use for underground and

earth-covered construction. These properties and the new commer-

cial appeal of concrete indicate that the concrete products

industry has not yet reached a saturation point with regards to

the construction market. Prom 1984 to 1988, the industries con-

stant dollar shipments are expected to rise 3_, exceeding the

expected rate of growth of the construction sector.

New Technologies in the Concrete Products Industries

Table 12-6 summarizes the new technologies currently being

developed and used by the concrete products industries. A synop-

sis of these technologies follows:

Material handling technolog_y is a major component of

concrete products manufacturing. The highly mechanized

systems use mobile platforms to move newly cast con-

crete to different operations inside the plant. Auto-

matic cubers are used by the largest block plants in

place of manual methods. The automatic cuber requires

only periodic supervision and replaces four unskilled

workers. The use of material handling technolog_ can

reduce the labor force required by 50g. Diffusion of

these systems throughout the industry will be slow due

to the number of small plants.
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e Improved casting methods for blocks, specially designed

precast shapes, concrete panels, and standard pre-

stressed products (such as hollow-cored slabs) are

being developed. Productivity will increase with the

introduction of larger capacity block casting

machlne_. The new machines can produce 1200 to 1600

standard 8-inch units/hour, while older machines devel-

oped_In the 1960s can produce only 1000 units/hour.

The larger block casting machines are currently used by

only large block casting firms. Prestressed concrete

(in which steel strands, tensioned by hydraulic Jacks,

are embedded in the concrete to increase tensile

strength) is being improved to accelerate the casting

process with hydraulic drives in some extruding

machines. Diffusion has been very slow because of the

small economies-of-scale and high equipment costs.

@ Curing technologies will reduce labor in the concrete

products industries by reducing inventories. Most

firms currently cure concrete in the storage yard

(because of the seasonal nature of the industry) which

causes high inventory. Hot oil curing pumps hot ell

under the length of the casting bed to heat andharden

the concrete. Autoclave curing (for blocks and other

small precast products) uses high pressure steam to

cure the concrete and takes half the time of the old

curing method. The hot concrete curing method preheats

the concrete in the mixer, allowing it tO cure in

approximately half the time. Once again, diffusion

will be slow due to industry fragmentation.

Automatic batches improve quality control and allow for

greater flexibility, although no actual labor savings

are realized. These are used most often by manufac-

turers of ready-mixed concrete. Automatic batches

electronically select, weigh, and apportion specific

12-I2



amounts of aggregates and cement for particular con-

cretes. Computer integration of automatic hatchets is

also being implemented. Slow diffusion due to industry

fragmentation is again the limiting factor.

Technological diffusion is generally limited throughout

these industries by their small plant sizes, small local markets,

and the cyclical demand for concrete. The extension of construc-

tion activity and, in particular, concrete manufacturing to a

year-round function, and the greater standardization of building

equipment, would improve conditions for technological diffusion.

Conclusion

Although the performance of the concrete products industries

has historically been tied to that of the construction sector,

the concrete products industries constant dollar shipments are

expected to outgrow those of the construction sector in the next

four years (1984-1988). This is due to the widespread applica-

tion of precast and prestressed concrete in situations were

structural steel and timber were used previously. This indicates

that the concrete products industries have room for growth.

In summary :

The ownership structure of these industries (84g of

establishments are one plant firms) has impeded R&D

activities due to the lack of capital.

Foreign trade is not likely to be a factor in the

industry due to the bulkiness of the product. Cur-

rently, most trade is with neighboring countries.

There has been a recent drop in productivity (2.1g

average annual decrease from 1977 to 1981) due to the

depressed nature of the construction industry.
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Any new technologies in the concrete products indus-

tries will diffuse slowly due to the ownership struc-

ture, and the cyclical and seasonal nature of these

industries.

B.12.2 ADVANCED CERAMIC PRODUCTS INDUSTRY

The advanced _ceramic (AC) products industry, like many new

emerging industries, is not classified within the Standard Indus-

trial Classiflcation System, whose codes have not been revised

since 1972. Rather, this industry combines elements from several

subdivisions, including Glass Pressed or Blown (SIC 322), Pottery

and Related Products (SIC 326), and Miscellaneous Nonmetallic

Mineral Products (SIC 329). This industry includes establish-

ments which manufacture AC products valued for their hardness,

strength, and their thermal and electrical properties, all of

which are used in high-performance engines, machines, and elec-

tronic components.

The current and estimated future business profile of the

advanced ceramic _industry is summarized in Table 12-7. Expressed

in constant 1972 dollars, industry shipments are forecaste_ by

D0C to increase nearly ten fold in 20 years, from $335 million in

1980 to $3.26 billion in 2000. This growth can be broken down

into industry components. Figure 12-1 illustrates U.S. AC indus-

try shipments (by end use) for 1980 (1972 $); these include inte-

grated circuit packaging (38% of the total), capacitors (39_),

resistors (13%), cutting tools (7_), and wear parts (3_).

Integrated circuit packaging, the fitting of semiconductor

integrated circuits into larger boards, provides a suitable oper-

ating environment within a computer for a working microchip.

Materials used in capacitors, by shipments in 1982 (Figure 12-2),

shows that ceramic use accounted for 78% of shipments. This

segment of the industry is expected to grow 877_ in the next 20

years, from $123 million in 1980 to $1.2 billion (1972 $) by

the year 2000. Capacitors, which store electric energy control
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TABLE 12-7

BUSINESS PROFILE _ THE
ADVANCED CERAMICS INDUSTRY

VlU2E OP C_3AIqICS (I_I_Ir
m u.s. mmmm 

SHIPMENTS (MI_ON3 1972 $)
AIL_

ELECTFE)NIC

• IN_ CIRCUIT
PACKAGING

• CAPACITORS

• _ _C USES

HqG_ PRODUCT3
• CUTTING TCX)L$

• WEAR PARTS

• HEAT ENGINE PAHTS

1980 1985 1990 1995 2000

299 610 1051 1466 1953
123 331 583 886 1202

131 195 336 _ 407 504
45 84 132 173 247

36 118 345 734 1312

25 81 213 336 538

Ii 25 i01 210 303

0 12 31 188 471

R_a_L _ Ig_ED R&D R2R

(]_NIC 'It_C_I_I[L)G_, ']PY 1982

DEP_ OP I_@_GY

• VBHIOI._ AND ENGINE B&D
• _ B:KXIRAM
• _Y SY_

•
NASA

NATIONAL SCIBNCE FOUNDATION

DEP_ OF DEFENSE

TOTAL

AMOUNT

(MILLION 1972 $)

8.1

5.2
0.2

0.2

2.5
0.8

0.6

3.3

12.8

SOURCES: U.S. DOC/IN[XASTRY ANALYSIS DIVISION

U.8. DOE/O_ICE OF V_{ICLE & ENGIE R&D
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the flow of alternating current, and block the flow of direct

current, are a major segment of the AC industry. A growth rate

of 285_ in twenty years is expected, from $131 million in 1980 to

$504 million (1972 $) in the year 2000. Other electronic uses,

such as magnetic components, resistors, and sensors are expected

to grow from $45 million in 1980 to $247 million by 2000, a 449_
!

increase.

Advanced ceramics are being used extensively in cutting

tools, due to their hardness. The majority of these ceramic

cutting tools are used by the aircraft engine industry for

machining specialized superalloys and by the automotive industry

for cast iron machining. From 1980 to the year 2000, theshlp-

ments of AC cutting tools are expected to rise from $25 million

to $538 million, (1972 $) a 2052_ increase; Their use in wear

parts, ball bearings, pump parts, mechanical seals, nozzles,

etc., is currently limited, but is expected to rise. In the next

20 years, a 2655_ Jump_i_i_i_erall use could be realized, from $II

million to $303 million (19Y2 $). Heat engine parts are not

being used commercially at the present time; however, by the year

2000 their use should reach the $471 million (1972 $) mark.

These figures generally suggest that the AC industry will

grow rapidly and diffuse into many different industries. Table

12-8 shows major firms in the U.S. currently involved in advanced

ceramic production and research, by type of product.

Competitive Issues Affectin_ the Advanced Ceramics Industry

Figures 12-3 and 12-4 show the percent of international

patents issued, from 1970 to 1982, in ceramic compositions and

ceramic coatings products, respectively. Figure 12-3 shows that

U.S. international patents on ceramic compositions decreased from

78_ in 1970 to 50_ in 1982; among foreign competitors, Japan's

international patents increased from 6_ in 1970 to 24_ in 1982.

Figure 12-4 shows that U.S. international patents on ceramic

12-18



lul

>

12-19



% of Patente t_ued

80

70

90

UoS°

50

30

_ Japan
United Kingdom

1970 1974 1978 1982

8ource: U.9. DO(:, Patent Technology Assessment Forecast,

Custom Report by Patent and Trademark Office, 9113183.

Figure 12-3. International Patent Activity-Ceramic Compositions
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coatings fell from 72% in 1970 to 61% in 1981, whereas Japan's

rose from 4% in 1970 to 24% in 1981. Because of the significant

increases in international patents issued to Japan, its AC indus-

try will be further analyzed.

The U.S. Department of Commerce delineates a future pattern

of Japanese domination of this industry as follows: "If things

continue as they are now, our assessment is that the United

States will fall behind Japan in the field of advanced engineer-

ing ceramics. Our reasons . . . are as follows:

Japanese domination of the electric components portion

of the advanced ceramics industry;

Japanese domination of the supply of advanced ceramic

powders;

The greater and _e organized R&D effort currently

being undertaken_n_Japan;

Initial performance/cost characteristics of Japanese

demonstration products;

Japanese reputation for investing in long-term product-

market development and accepting short-term losses;

The Japanese record in developing and implementing

superior commercial manufacturing processes and process

technologies."

Japan has claimed much of the world market, as shown in

Table 12-9. The integrated circuit packaging market is now con-

trolled by the Japanese, who are estimated to produce 80 to 90_

of total world AC production. Kyocera (a Japanese firm located

in San Diego) and IBM dominate AC integrated circuit _ packaging

within the U.S., with Kyocera claiming 70% of the shipments.
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TM}_ 12-9

PI_rIGH OF AI)V_ED CERAMIC P_ Lmi_ t 1980

rnonir'r _- (19?2,$)

r

C_ACI'K}_

PIET_DI_,IErIRICS

FEI_IT_

_ Cl_,_ECS
(NI'HI_ TOOLS
31RUCT_AL _CS

(_ t) msm_ (mua_ l)

$ 72.9 52 1110.1
302.7 61 1193.2

182.2 43 q20.3
165.3 91 182.2
70.1 63 112.1

213.0 79 269.0
2.8 11 25.2

11.2 _1 25.2
70.1 12 5"/'4.5
67.3 118 I qO. 1

1157.6 _19 2381.9

.... • .- ,....... ._:. . _i;_:

SOURCE" GBORGE B. '_ .AI_.H. KENT lK_, "HIGH TECH

IN JAPIB - CURRENT M6) FUTURE _ A_g_ICAH C_IAMIC

SOCIE2Y BLK/ErIN, MAY 1963
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Production figures on IBM are not available because of the

company's vertical integration. The world market for AC

packaging, expected to experience the most growth in the elec-

tronic AC capacitor and resistor markets, is currently evenly

split by the U.S. and Japan worldwide. Japan has gained its

advantage in AC electronic components by using a superior, large-

scale manufacturing process which results in lower production

costs. Currently, IBM is the only U.S. firm that is competitive

in the development of AC electronic components.

Trends in world market shares in AC engineering products

(cutting tools, wear parts, heat engine parts) have not been

established yet because of the small amounts of commercial pro-

duction that have occurred. Japan is currently the dominant

world supplier of pure ceramic powders from which these AC pro-

ducts are made. When large-scale commercial production of AC

engineering products begins (projected to be before 1995), compe-

tition will be based on quality and price. The quality of AC

engineering products is Judged by thermal properties, hardness,

corrosion resistance, and predictability of catastrophic

failure. These products give no indication of failure through

deformation, but instead disintegrate into smaller pieces, as

opposed to conventional materials, which show signs of wear.

Role of Technolo_ in the Lon_-Term Strategic Outlook

The AC products industry is definitely in the sunrise stage

of development, as shown by its predicted growth in Table 12-7.

New proposed technologies for the industry can be separated into

advanced ceramic electronic components and advanced ceramic engi-

neering products. The theory behind these technologies is dis-

cussed in Section E.I. Applications of these new technologies to

various industries are discussed here and shown in Table 12-10.

The electronic components and applications of advanced cer-

amic technology are as follows:
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@ Capacltors--Multilayer ceramic capacitors are valued

for their low capacitance levels, high dielectric con-

stant, high resistivity, and low leakage. They are

used in consumer electronic products, computers, tele-

communications _ equipment, and scientific instruments.

Cost, size, and speed of these capacitors will affect

their future market. Major cost reduction can be

achieved through the use of base metals (nickel, lead,

and tin) in production as opposed to the noble metals

(gold, platinum, palladium, and silver) currently being

used. Noble metals currently account for 35% of the

total cost of a multilayer ceramic capacitor. Reduc-

tion in capacitor size and an increase in capacitance

value will increase the market share. Volumetric effi-

ciency can be increased by increasing the dielectric

constant, reducing the number of dielectric layers, or

decreasing the_thlckness of dielectric layers. Use of

new dielectric materials (lead, iron, tungsten, and

lead iron niobate),_better controlled processing para-

meters, increased automation, and improvements in cer-

amic powder purity will have to be used in order to

meet this need. The speed of advanced ceramic capaci-

tors (to be compatible with higher speeds of future

integrated circuits) can be increased through the use

of ceramic chip capacitors. These chip capacitors need

to be standarized by size in order to gain wide market

acceptance.

Integrated Clreult PackaElng-'Advanced ceramic inte-

grated circuit (IC) packaging is used to fit the semi-

conductor chip into larger circuit boards. A suitable

operating environment within the computer or electronic

device is produced by advanced ceramic IC packaging.

Currently, the military is the primary user of ceramic

IC packaging. The most promising ceramic IC packaging

being developed is based on multilayer ceramic sub-
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strafes, consisting of layers of ceramic insulators

alternating with conductor circuitry to form high-

density wiring packages. As with ceramic capacitors,

increased market share applications will depend on

cost, size,and speed.

m Resistors--The use of ceramic thermistors should find

increasing use as heat sensors in automobiles, to

supply exhaust temperature data important to fuel effi-

ciency, and in microwave and gas ovens.

m
Sensors--The use of advanced ceramics in sensors is due

to the semiconducting properties of ceramics, which

allow them to transmit current only under certai_ con-

ditions.

Magnetic Components--AC materials with magnetic proper-

ties are used in percent magnets, memory units, and

circuit elements. They are derived from iron oxides

combined with one or more metals (nickel, manganese,

and zinc).

Advanced ceramic technology includes the following engineer-

ing applications:

Heat Engine Applications--Advanced ceramics in heat

engines will probably be used first in standard vehic-

ular piston engines as components in cylinders, pis-

tons, and turbochargers because major changes in pro-

duction lines and engine technology will not be

required for these applications. The major reason for

using ceramic engines is their increased system per-

formance, improved wear capability and lower weight.

Critical flaws will also be easier to control. Turbo-

charger rotors are the most significant near-term item

of an advanced ceramic component substitution. Ceramic

12-27



rotors are made from sintered silicon carbide.

Research in ceramic turbocharger rotors is being con-

ducted with private money, as opposed to most other

heat engine applications which are government funded.

Near-term ceramics substitution of other piston engine

components include pistons and piston rings, cylinder

liners and heads, valve lifters, and combustion cham-

bers. °Total ceramic piston engines are unlikely

because they do not offer substantial gains in fuel

economy or power production to warrant mass produc-

tion. However, there are new vehicular engine designs

which do offer significant gains in fuel economy

power production. These include the adiabatic diesel

engine, which is made possible through the use of

advanced ceramics. As compared to the conventional

diesel engine, energy loss can be reduced by 50_, fuel

consumption by 25_, and power can be increased signifi-

cantly in the adiabatic diesel engine. These engines

use thermal energy, normally lost to the coolant

exhaust systems, to make power through the use of t_

bomachinery. Use of a ceramic combustion-chamber,

(operating at high temperatures and reducing heat loss)

with a turbocompound System, recovers the heat energy

of the exhaust gases and transfers them to the crank-

shaft. Improved fuel economy and greater engine relia-

bility is the result. The U.S. Army Tank Automotive

Research and Development Command has been doing

research in this area since 1976. Use in military and

civilian heavy-duty trucks will come before use in
r

automobiles.

Gas turbine engine use in vehicles became feasible

in the 1960s with the development of advanced ceramic

materials. Previously, the expense of the superalloys

and their inability to withstand the high-operating

temperatures prevented this development. AC gas tur-
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bine engines alleviate the problem of expensive alloys,

provide high temperature capabilities, and reduce wear

on engine parts. Advantages of the turbine engine

include improved fuel economy, lower engine weight, re-

duced maintenance, improved performance, and less

pollutants. Currently the Department of Defense

Advanced Research Projects Agency (DARPA) funds four

R&DJprograms dealing with AC turbine engines. Station-

ary AC gas turbine engines are also being developed.

The use of these engines in aircraft will be the last

to be implemented, because of the high-performance

needed and high-risk involved.

Cutting Tools--Recent advances In AC materials and

processing have made them competitive with high, speed

steel and carbide cutting tools. Hardness, chemical

stability, and:heat resistance are all characteristics

which give AC cutting tools an advantage. Ceramic

materials are superior for cutting highly abrasive

materials due to their resistance to wear, and are mo_e:

effective for cutting at high speeds due to their

resistance to heat. Resistance to thermal shock is one

area where AC cutting tools are lacking because of

their brittleness. Cutting tool use is currently very

limited as compared to the potential market. Techno-

logical advances in the area of brittleness and thermal

shock resistance (as compared to carbide machine tools)

are needed before cutting tools can claim a substantial

market piece. Silicon nitrate-based materials are

considered to have a much greater potential than alu-

minum oxide ceramics, which have been available for 30

years. Alloying ceramic material with zirconia or

titanium is being tried to improve fracture tough-

ness. Unmanned machining (robotics) favors AC cutting

tools because of the stiffness and long-life of the

ceramic inserts.
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Wear Part Applloations--Ball and roller bearings for

high-performance applications made of AC materials

(silicOn nitride in particular) are now finding limited

use in industrial machinery, for corrosive oil, gas,

and chemical processing, and are being researched for

use in automobile and aircraft engines. Improved pro-

cessing methods have allowed densification of silicon

carbide and silicon nitride, which has increased their

tolerance to point or stress loading. The light

weight, heat resistance, and wear resistance of ceramic

bearings are major advantages over conventional (tung-

sten/steel) bearings. Their light weight makes the

centrifugal load lower, thereby improving fatigue life

and high-speed performance. Conventional tool steel

(the highest temperature resistant material now in use)

softens excessively after being exposed to high temper-

atures for long periods of time. Higher temperature

resistant bearings (i.e., advanced ceramic bearings)

will be necessary for future high-speed industrial

machinery. Advanced ceramic pump seals are used in

sand slurries, chemical processing, and oil and gas

recovery. Currently they are the most widely used AC

product in the wear parts category. The same proper-

ties that make AC products useful in other applications

(hardness, low friction, high resistance to corrosion,

high temperature capability) make them useful in pump

seals. Temperature characteristics of advanced cer-

amics have made them perfect for this application,

because of the need to dissipate heat at the surface of

the seal. Stability of shape when heated quickly (di-

mensional stability) is also a critical feature of

advanced ceramics. Sandblast nozzles are now being

made of advanced ceramics due to the need for nozzles

with high wear capabilities and abrasion resistance.
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Table 12-11 lists the strategic materials that advanced

ceramics could replace. Clearly, advanced ceramics wlll be a key

to the future technological development of many industries.

Conclusion

The advanced ceramic industry Is clearly experiencing rapid

growth. Advances in AC technology are continuing in the areas of

ceramic powder production, integrated circuit packaging, capaci-

tors, cutting tools, wear parts, engine design, and other

advanced ceramics products.

Industry shipment of AC products are expected to increase

nearly ten fold in the next 20 years. AC products could replace

the following strategic materials: tungsten, cobalt, nickel,

chromium, molybdenum, manganese, titanium, platinum and palla-

dium, columbium, and tantalum.

Currently, the U.S. and Japan are virtually equal with

regards to technology in the field. If current conditions remain

unchanged, U.S. will fall behind Japan in AC technology.

According to the U.S. Department of Commerce, there are two cate-

gories of technology push and market pull. The technology push

option involves:

Federal R&D expenditures increased for advanced engi-

neering ceramics. The money should be directed at

solving the AC problem of catastrophic failure and at

finding cost-effective manufacturing techniques.

Provide an improved technology transfer function of AC

technology from military and space applications to the

private sector.

Increase private R&D on AC technology through federal

incentives such as tax incentives, matching funds, and

low-lnterest loans.
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TABLE 12-11

I_.._IN.,E ADVAbK_ C_4ICS 3U______/

W

Co

NICKI_.. Ni

Cl-mOHIUM Cr'

MDL_

TIT,_IIOM Ti

PLA__
P_J.ADIlH Pt,Pd

Be

Nb

Ta

COL[14_IUH
(NIOBIUM)

TANTALUM

N/A- NUT AVAILABLE.

alE'R.tCalmOmR _luBaDcs
NaT _ _ MSmmTm_

P_S (LII_, PADS,
HOZZLES,BE3RI_3, GATES,
SLIDES, VALVES, SEMi).

DIES_ C_P_JSTI(N PARTS

DIESEL.CCI4_ION PARTS

_ IEq'O_

EE&T _ _

CIB4IC_ WARE(3NI_-
CORROSI_ PIPIt, VALVES,
SEN_, ETC,,

HEaT ._

_DINES

WEaR P_

CUTTII_ 'EELS AI_

tEAT _LICATID_

CI._,[Ie.ALW_

SII_O(::IIIRa¢_ (F'IIl
SP_; TILES;

c_mm)

HIGH-_T_E

HIGH-_
APPLIC_TI_

_EkR Pk_13

_m

D_, SCALEUP, COST

Dt_3eiS'fRATION, COST

N/A

N/A

DB4_ST_TION, _; H&IN-
_ OF Ct_._NT CROP _
OXIDATION_, C_3T

N/A

FABRICATIONAND _
VATIONS, D_I_TIO_, COST

N/A

D_DNSI'RATION, PROt'I_TIE3, cosr

N/A

F3J_RICATION,P_FOIMalI_,
STI_tTION,

WA

DBO1STI_TION, PI_OPD_ES, COST

I_4_'T_TIO_, _CALS-UP,

ACHIE_ IL_d_SS, __

_/A

K/A

INN0VATIONIN _,
O__CS

FABRICATION,P__,
D_O_IRATIO_

_STS, __

N/A

SOURCE: L.R. J(X_S_, ET AL., "A _ C_C RESEARCHPROGRAM: A PRELIMINARY ECOB_MIC_[.1_I3,"
A_OO_E NATIONAL LABORATORY, HMEH 1983
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Improve the capacity of the U.S. to transfer foreign

scientific advances in the AC field. This is one par-

ticular area where Japan is much better equipped,

Stimulate universities and colleges to train advanced

ceramics engineers by offering them federal funds for

thelrprograms.

The market pull option includes:

To purchase federal items on the basis of their content

of advanced ceramic products. This could include mili-

tary items, automobiles, and office computing equip-

ment.

The Bureau of Standards must set reliability standards

in AC products to insure quality.

To provide AC products with liability insurance due to

the problem of AC catastrophic failure.

The primary need for advanced ceramic research, however, is in

the areas of solving the catastrophic failure problem and in

finding a cost-effectlve method of production.
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B.13 _'ltUlmliit AND lqI3(:l_10OS _]rr,3 PRODUCTS- (8IC 30)

The rubber and miscellaneous plastics products subsector,

SIC 30, whose value added accounted for 2.9_ of the manufacturing

sectore8 contribution to GDF in 1980, comprises the lqth largest

manufacturing lndustry (in this study, the apparel and other

textile products 8ubsector, SIC 23, the 13th largest manufactur-

ing lndustr_ will not be covered). The subsector Is character-

1zed by:

A high degree of fragmentation. Out of a total of

approximately 18,000 establishments, 13,000 employ less

than 20 persons (1977).

A low labor productivity of $17,988 per employee on

$9.37 per employee hour (1980, 1972 $), nanking thls

subsector £ounteenth among the nation's 20 manuf_ i

turlng subsectors. A compound annual labor pnoduc-

tlvlty growth rate average of -0.6_/year from 1972 _o

1980 ranks thls subsecton last. The labor pnoduc¢Ivlt_"

for the comparable Japanese subsecton was $11,508 _pee _

employee year or $5.99 per employee hour (1980, 1972

$), ranking thls subsector eleventh among Japan's 20

manufacturing subsectors. The compound annual labor

productivity growth rate for the Japanese subsector

averaged 4.4_/year from 1972 to 1980, ranking this-

subseoton sixteenth.

An average capital investment base relative to other

subsectors within the manufacturing sector. Capital

investment amounted to $15,962 in total assets per

worker, ranking eighth in terms of (depreciated) fixed

assets (1980, 1972 $). New yearly capital expenditures

were $1,648 per employee (1980, 1972 $), ranking

eleventh In the manufacturing sector. Total capital

productivity, measured as dollars of added value output

pen dollar investment, was 0.82 (1981).
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• An average R&D program. For the subsector as a whole,

R&D expenditures amounted to $0.4 billion (1980, 1972

$), ranking this subsector eighth among the 20 manufac-

turing subsectors. R&D expenditures were equivalent-to

2o9_ of the value added by the subsector In 1980.

Table 13_lahows the major products of each subdivision of

the rubberi+_+_i._miscellaneous plastics products industry, wlth

their share o_the subsectorls contribution to GDP In 1980 ranked

in descending order. Table 13-2 summarizes the principal eco-

nomic measures of these subdivisions°

One subdivision--miscellaneous plastics products (SIC_,.30Y::+_

3079) which consists of manufactured plastic products of all

types with the exception of plastic footwear and PlaSt£_

hose/belting--accounted foe 64_ of the subsectorls output in

1980. Because this subdl¥1slon considerably dominates the other
.,+± ....

subdivisions within+this ind_try, it has been selected for anal +

ysts in technology needs.

+

B.13.1 NISCELLANEOUS PLASTICS, PRODUCTS (SIC 307)

The total plastics industry produced $54 billion in ship-

ments in 1983. The miscellaneous plastics products subdivision

accounted for $37 billion of shipments or 68_; the remaining 32_,

classified as plastics materials and resins (SIC 2821), consti-

tutes captive production or the self-manufacture of plastic pro-

ducts to be consumed within+ other major industry groups.

Examples of the latter are the automotive industry, food pack-

aging materials, and toy manufacturers. Miscellaneous plastics

products are associated with all other plastic products

industries (with the exception of plastic footwear and plastic

hose/belting).

13-2



.,_ r

13-1

_i) _ _08 _ _ (SIC 30)
' , ii

oom'm"_oN ,m _ :m 1980
• ,,, , r,: ' I

12,0



t_

!11
t.- _ _

!

o _

13-4



Business and structural profiles of the miscellaneous and

plastic products subdivision are presented in Tables 13-3 and 13-

qs respectively. Table 13-3 shows that industry shipments

expressed In constant 1972 dollars, have increased 55_ in eleven

years, from $10.7 billion in 1972 to $16.6 billion in 1983.

Employment rose steadily up to 1979, after which it stabilized at

a slightly lower level. Labor productivity, t.e.j output per

employee houP_ rose from 1972 to 1977, and has stabilized at that

level.

Table 13-4 shows that the miscellaneous plastics products

industry is highly fragmented; 75_ of its establishments employ

less than 20 persons. A typical manufacturer in this industry

earned a net income of 3_ after taxes in 1981 on sates o_about '_

$5 million. The typical plastics fabricator is a small, inde-

pendent business with a potential for modular operations and

incremental expansion. Its f!nlshed product is dominated primar-

ily by the coat of (q9_), and secondarily by

manufacturing and other labor ,(21_) costs. In 1979 and 1983, the

value of exports in this industry was nearly twice the aise of _

imports. •

The dominant constraint in the miscellaneous plastics

products industry is cost. Because plastic ls a petrochemical-

based product, the cost of plastic is dependent on the cost of

oil. -

Key Growt h Influences in the Miscellaneous Plastic

Products Industry

The use of fabricated plastic parts has undergone a signifi-

cant change in focus over the last five years. Whereas the early

growth of the industry was driven by the low cost substitution of

plastic parts for natural materials, advances In polymer and

processing technologies in the 1980s have resulted in the pro-

duction of plastic parts with superior performance to natural



TABLE 13-3

BUSINESS PROFILE OF

HISC_JJL_B_ PLASTICS_ INDUSI_Y(SIC307)

SBXPllalt'8 (_ $) 1972 1977 1979 1981 1983 1984 ],L_'T
01RR_,"I' $ 10.7 23."-"_ 29."''T _ 37."'_ --

1972 $ 10.7 14.6 15.6 15.7 16.6 17.9

_¢M. BIFt,OlnqmT

(_) 346.9 453.7 487.7 469.5 452.2 465.0

Index 1977-" 10¢)

110

1 O0

90

80

70

B

m

- o.u

I ! I I I i I I
1978 1974 1975 "1976 1077 1978 1979 1980 1981

Yeers

80

50

1972

Source: BL8 Data

RLAli¢ CAPACl"I"/ B'nl.ITATI_, 1982
PRJBtAX IRIOFIY, 1981,

OM B_I]_, 1983, $
VALUE OF PLANT, 1976, CURRENT $, BILLION

64.0

4.2

4.7

7.3

_ EXP_I)_, CURRI_IT $, BILLION

1977
1.2

1981

U.S. DOC/BIE: 1984 U.S. INDUS'lIKIALOUTLOOK

U.S. DOC/BOC: CENSUS OF MANUFACTURES, 1977
U.S. DOL/BLS

VALUE-LINE INVESTMENT SURVEY, 1984
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TABLE 13-4

ST_ PR0PILE C_ THE

E_CEU.a_B00S eLA,STICS eR(n¢'_ n_cs, n_ (sic 3O7)

(CATBX)RIZ_ B_ _ND.
Or SNrLO_S)

(<20)
INT_R_)IATE

(20- 1000)

( > 1000)

5,827

4,368
17

'IOrAL _

_,_s (mu,mN !.) ..

l_JT_i_Ag), INC. 436.4
C0., INC 190.4

AIR CORP. 124.5

TOT_
(8,824 C0m',_[ES)

10j212

_UOS_
,, | ii

I_i_llI]BO'_ 19"/7

OI'BR
MFG. I.aBR LABR NA'I_IALS E

i ii i m ii ,

lZl_ 7_ 49'_ 2_

i ,

$, I([I_ON, 1981

III_JNRrlUWAL 'JBWE
i •

VAI2E _ IMPORt, CORRi_ $,

28_

50O

1972 1979 1983

0.38 1.5 1.9-

0.25 0.8 1.0

SXRCE_: U.S. DOC/BIE: 1984 U.S. _

U.S. DOC/BOC: _ OP MA_3P_, 1977

HDODY'3 HANDBOOK, 1984
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mater£als (e.g., ceramics, metals, and wood). At the same time,

the aTerage cost of hlgh performance resins has continued to drop

through the use of alloying or blending with lower-cost commodlty

thermoplastics. The result, In many cases, Is a lower-cost,

higher-performing plastlc part.

A second major growth Influence In the plastics products

Industry iS the key role that plastics fabrication plays In the

rapldly-growln8 electronics industry, In areas as diverse as

printed clreult boards and buslness machine housings.

Technolos_ Trends In The Nlscellaneous

Plastics Products Industr_

Host technological advances whleh Impact the plastlc

products Industry are developed outside the Industry. For _

example, the packaging Industry has been a leading proponent o£

the So-called "plastlc canW, a product being developed to replace

the metal can In many food a_ltcatlons. The actual development

process has lnvolved pa@kaglng companies, plastic resln

companies, equipment manufacturers and, of course, Fabricators.

In polnt of fact, the packa81ng company, equipment company, and

resin manufacturer work out the detalls and the fabricator w1It _'

"take orders." £or producing the flnal product. Another second

source of technical development ls derived directly from equIp-
x

ment manufacturers, a group that has a vested Interest in devel-

oping new and different equipment In order to obsolete "old"

machines and malntaln Industry shipments.

Thls outslde Influence Is typical of the plastic products

Industry, In which smaller fabrication companies do not have the

budget or lnterest to take on any but the most elementary

research and development projects. They prefer to leave thls

work to the larger resin and/or food packaging companies. In all

probability, any slgntflcant product or process developments wlll

come from these Integrated companies.
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Plastlc fabrication processes which show the highest level

of future activity include:

0

Resin transfer molding

Twln sol-ew extrusion and compounding

Reactlon injection molding (RIM)

Sheet_moldlnE compound (SHC) and Injection

moldlng of bulk molding compound

Pultruston

ThermoforeLing

Sheet and film co-extrusion and lamination, and

Injection blow-molding and co-extrusion blow-molding

All of these technologies are being pursued today and many

are already part of viable commercial operations. Future devel-

opment efforts are likely to be focused on such areas as cold

stampable polymers, hlghQatrength structural composites, super-

hlgh temperature polymer _processing, flame-retardant plastic

products, biodegradable plastlc_parts, and so on. However, it is

unlikely that any of_these development efforts wlll be supported

by the fabrication industry itself. These projects will be

undertaken by resin manufacturers, end users, or outside third

parties.

Long-Term Technological Assessment of the Miscellaneous

Plastics Products IndUstr s

Over the next five to 15 years, the miscellaneous plastics

products industry should experience a solid, but cyclical growth

rate as the redefined role of substitution and the Erowth of the

electronics industry drive plastic products demand. In-house

fabrication together with selected custom fabricators will

support most of these technoloEy developments. However, these

developments will be more likely driven by the end user rather

than the fabrication process itself. In the longer term, as the

needs of end users become more sophisticated and product and
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process technology becomes more proprietary, the role of the

independent fabricator in areas outside of commodity applications

could be decreased.

The tecb_nological challenge in this industry will continue

to be the development and_fabrlcatlon of synthetic materials with

superior performance and light weight--so called high performance

structural /composites. Superior performance will depend on two

factors: 1) the material used, a function of the up-stream

industries; and 2) the method of Wputting materials together. H

Current research in these areas ls driven by the automotive and

air transportation industries. This research will incorporate

developments from all segments of the chemical, polymer and

fabricated products industries and will have wide-rang!r_appIl,_

cations. For example, in the long term, synthetic

go a long way towards replacing conventional buildl_ materials.

Generally, the long-term_technological challenge will be to

derive the same performance from synthetic materials--cubic inch

for cubic inch--that is currently possible from conventI_l

materials such as steel and wood. Pound for

are already superior to natural materials in many end uses, and,

the inventory of useable synthetic materials is quite large: 50

unique polymers, a dozen or so fibers, and an almost unlimited

number of fillers and additives. It is most likely, therefore,

that future breakthroughs in the development of structural syn-

thetic materials will derive from selecting the right materials

among a multitude of choices and fabricating them in such a way

as to achieve a unique performance.

Assuming that both the materials and a structure are avail-

able, key technologies will also depend upon the designing of

machines to perform a particular task. An example which received

considerable publicity was the design and fabrication of a struc-

tural skeleton for a space station_. Work is currently being

performed on an epoxy-impregnated carbon-fiber ribbon, which can
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be fed into a fabricating machine and converted into a structural

nbeamn. This lightweight, yet strong material, and the process

associated wlthlts conversion to a useful product, could greatly

reduce the cost of building in space.

In addition, new technologies need to be developed in the

adhesives industry. As synthetic building materials emerge, new

ways must be developed to hold the pieces together--quite likely

mechanical fasteners will give way to chemical fasteners or

adhesives.

Many of these technology issues have already surfaced in the

aerospace and automotive industry as engineers have sought

improved fuel economy through weight reduction. For example, the

relatively simple task of aligning automotive body parts for

welding became nearly impossible when the industry started using

plastic with pre-drilled holes--the parts would never line up

exactly with the holes. A potential solution to this problem 18

to use adhesives. However, there i8 clearly a long way to go

before we can efficiently produce these products with synthetic

materials.

In the future, it will become more difficult to distingulsh

between rubber and plastic products. Alloys and blends of elast-

omers and plastic resins are common today and will increase over

time. Plastic resins provide stiffness for rubber produc_8 and

elastomers provide impact resistance and flexibility for plastic

products. Both are made from synthetic resins which are derived

from many of the same basic molecules. Thus, the final part of

this challenge will be to look beyond conventional industry

boundaries in search of all kinds of materials Which can be com-

bined with rubber and plastic to create new structural

composites.
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Conclusion

The miscellaneous plastics products industry is one of the

fastest growing industries in the U.S., although at present it is

the smallest (in-terms of value-added contribution to GDP)

industry reviewed in this report. In the future, the industry is

expected to continue to Erow faster than the U.S. economy in

general as plastics are combined with textiles, fiberglass,

rubber, and carbon fibers to produce composites to replace cur-

rently-used conventional materials. The new composite materials

will be found in a wide range of products ranEinK from aircraft

and automobiles to bulldinKs.

The miscellaneous plastics products industry has an average ,

R&D program but auEments developments that arise with research_ _

advances developed _y other industries.

The needs o£ the industry can be categorized into two areas:

e Development of synthetic materials to replace_woodand

metal as structural buildinE materials, and to

or be blended more with rubbero Currently, this devel-

opment is dependent upon research results from Che

chemical, polymer, and fabricated products industries°

e New technologies are needed to develop chemical

adhesives to replace currently used mechanical

fasteners°
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coatings fell from 72% in 1970 to 61% in 1981, whereas Japan's

rose from 4% in 1970 to 24% in 1981. Because of the significant

increases in international patents issued to Japan, its AC indus-

try will be further analyzed.

The U.S, k Department of Commerce delineates a future pattern

of Japanese domination of this industry as follows: "If things

continue as they are now, our assessment is that the United

States will fall behind Japan in the field of advanced engineer-

ing ceramics. Our reasons . . . are as follows:

Japanese domination of the electric components portion

of the advanced ceramics industry;

Japanese domination of the supply of advanced ceramic

powders;

The greater and more organized R&D effort currently

being undertaken in Japan;

Initial performance/cost characteristics of Japanese

demonstration products;

Japanese reputation for investing in long-term product-

market development and accepting short-term losses;

The Japanese record in developing and implementing

superior commercial manufacturing processes and process

technologies."

Japan has claimed much of the world market, as shown in

Table 12-9. The integrated circuit packaging market is now con-

trolled by the Japanese, who are estimated to produce 80 to 90%

of total world AC production. Kyocera (a Japanese firm located

in San Diego) and IBM dominate AC integrated circuit packaging

within the U.S., with Kyocera claiming 70% of the shipments.

12-22



k_

TABLE 12-9

P_ION GW ADV_iC_) CERAMIC PRODUCT LINES, 1980

JIPill W

_ oP umLo
(m_Dm _) _ (m_]m i)

$ 72.9 52
302.7 61

CAPACIT(ilS _; : 182.2

PIEZOE[_CS 165.3

THI_STOR/V_ 70.1

FERRITES 213.0
GAS/HtlE[DIT_ _ 2,8

TRA_ C_CS 11.2

CUTTING TOOLS 70. i

STRIa'TriAL _CS 67.3

1157.6

43 420,3

91 182.2
63 112.1

79 269.0
11 25.2

44 25.2

12 574.5
48 140.1

q9 2381.9 "

'- : ,, . _ui,_ ...

SOURCE: GE_GE B. __ AID H. _ BOkl_, "HIGH TECH C_MICS

IN JM'JN - CORR_IT AID FIrlI_E MARKETS" _ICAN C_C

S0CIETZ BtL[ATIN, K_I 1983
o
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Production figures on IBM are not available because of the

company's vertical integration. The world market for AC

packaging, expected to experience the most growth in the elec-

tronic AC capacitor and resistor markets, is currently evenly

split by the U.S. and Japan worldwide. Japan has gained its

advantage in AC electronic components by using a superior, large-

scale manufacturing process which results in lower production

costs. Currently, IBN is the only U.S. firm that is competitive

in the development of AC electronic components.

Trends in world market shares in AC engineering products

(cutting tools, wear parts, heat engine parts) have not been

established yet because of the small amounts of commercial pro-

duction that have occurred. Japan is currently the dominant

world supplier of pure ceramic powders from which these AC pro-

ducts are made. When large-scale commercial production of AC

engineering products begins (projected to be before 1995), compe-

tition will be based on quality and price. The quality of AC

engineering products is Judged by thermal properties, hardness,

corrosion resistance, and predictability of catastrophic

failure. These products give no indication of failure through

deformation, but instead disintegrate into smaller pieces, as

opposed to conventional materials, which show signs of wear.

Role of Technolo_ in the Lon_-Term Stratesic Outlook

The AC products industry is definitely in the sunrise stage

of development, as shown by its predicted growth in Table 12-7.

New proposed technologies for the industry can be separated into

advanced ceramic electronic components and advanced ceramic engi-

neering products. The theory behind these technologies is dis-

cussed in Section E.I. Applications of these new technologies to

various industries are discussed here and shown in Table 12-10.

The electronic components and applications of advanced cer-

amic technology are as follows:
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Capacltors--Multilayer ceramic capacitors are valued

for their low capacitance levels, high dielectric con-

stant, high resistivity, and low leakage. They are

used in consumer electronic products, computers, tele-

communications equipment, and scientific instruments.

Cost, size, and speed of these capacitors will affect

their future market. Major cost reduction can be

through the use of base metals (nickel, lead,

and tin) in production as opposed to the noble metals

(gold, platinum, palladium, and silver) currently being

used. Noble metals currently account for 35% of the

total cost of a multilayer ceramic capacitor. Reduc-

tion in capacitor size and an increase in capacitance

value will increase the market share. Volumetric effi-

ciency can be increased by increasing the dielectric

constant, reducing Zhe number of dielectric layers, or

decreasing the thlckness of dielectric layers. Use of

new dielectric martials (lead, iron, tungsten, and

lead iron niobate), better controlled processing para-

meters, increased automation, and improvements in cer-

amic powder purity will have to be used in order to

meet this need. The speed of advanced ceramic capaci-

tors (to be compatible with higher speeds of future

integrated circuits) can be increased through the use

of ceramic chip capacitors. These chip capacitors need

to be standarized b_ size in Order to gain wide market

acceptance.

Integrated Circuit Packaglng-'Advanced ceramic inte-

grated circuit (IC) packaging is used to fit the semi-

conductor chip into larger circuit boards. A suitable

operating environment within the computer or electronic

device is produced by advanced ceramic IC packaging.

Currently, the military is the primary user of ceramic

IC packaging. The most promising ceramic IC packaging

being developed is based on multilayer ceramic sub-
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strates, consisting of layers of ceramic insulators

alternating with conductor circuitry to form high-

density wiring packages. As with ceramic capacitors,

increased market share applications will depend on

cost, size,and speed.

Resistors-,The use of ceramic thermistors should find

increasing use as heat sensors in automobiles, to

supply exhaust temperature data important to fuel effi-

ciency, and in microwave and gas ovens.

Sensors--The use of advanced ceramics in sensors is due

to the semiconducting properties of ceramics, which

allow them to transmit current only under certain con-

ditions.

r

Magnetic Components--AC materials with magnetic proper-

ties are used in permanent magnets, memory units, and

circuit elements. They are derived from iron oxides

combined with one or more metals (nickel, manganese,

and zinc).

Advanced ceramic technology includes the following engineer-

ing applications:

Heat Engine Applications--Advanced ceramics in heat

engines will probably be used first in standard vehic-

ular piston engines as components in cylinders, pis-

tons, and turbochargers because major changes in pro-

duction lines and engine technology will not be

required for these applications. The major reason for

using ceramic engines is their increased system per-

formance, improved wear capability and lower weight.

Critical flaws will also be easier to control; Turbo-

charger rotors are the most significant near-term item

of an advanced ceramic component substitution. Ceramic
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rotors are made from sintered silicon carbide.

Research in ceramic turbocharger rotors is being con-

ducted with private money, as opposed to most other

heat engine applications which are government funded.

Near,term ceramics substitution of other piston engine

components include pistons and piston rings, cylinder

liners and heads, valve lifters, and combustion cham-

bers. Total ceramic piston engines are unlikely

because they do not offer substantial gains in fuel

economy or power production to warrant mass produc-

tion. However, there are new vehicular engine designs

which do offer significant gains in fuel economy and

power production. These include the adiabatic diesel

engine, which is made possible through the use of

advanced ceramics. As compared to the conventional

diesel engine, energy loss can be reduced by 50_, fuel

consumption by 2S_, and power can be increased signifi-

cantly in the adiabatic diesel engine. These engines

use thermal energy, normally lost to the coolant and

exhaust systems, to make power through the use of tur-

bomachinery. Use of a ceramic combustion chamber _,

(operating at high temperatures and reducing heat loss)

with a turbocompound system, recovers the heat energy

of the exhaust gases and transfers them to the crank-

shaft. Improved fuel economy and greater engine relia-

bility is the result. The U.S. Army Tank Automotive

Research and Development Command has been doing

research in this area since 1976. Use in military and

civilian heavy-duty trucks will come before use in

automobiles.

Gas turbine engine use in vehicles became feasible

in the 1960s with the development of advanced ceramic

materials. Previously, the expense of the superalloys

and their inability to withstand the high-operating

temperatures prevented this development. AC gas tur-
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bine engines alleviate the problem of expensive alloys,

provide high temperature capabilities, and reduce wear

on engine parts. Advantages of the turbine engine

include improved fuel economy, lower engine weight, re-

duced maintenance, improved performance, and less

pollutants. Currently the Department of Defense

Advanced Research Projects Agency (DARPA) funds four

R&D programs dealing with AC turbine engines. Station-

ary AC gas turbine engines are also being developed.

The use of these engines in aircraft will be the last

to be implemented, because of the high-performance

needed and high-risk involved.

Cutting Tools--Recent advances in AC materials and

processing have made them competitive with high-speed

steel and carbide cutting tools. Hardness, chemical

stability, and heat resistance are all characteristics

which give AC cutting tools an advantage. Ceramic

materials are superior for cutting highly abrasive

materials due to their resistance to wear, and are more

effective for cutting at high speeds due to their

resistance to heat. Resistance to thermal shock is one

area where AC cutting tools are lacking because of

their brittleness. Cutting tool use is currently very

limited as compared to the potential market. Techno-

logical advances in the area of brittleness and thermal

shock resistance (as compared to carbide machine tools)

are needed before cutting tools can claim a substantial

market piece. Silicon nitrate-based materials are

considered to have a much greater potential than alu-

minum oxide ceramics, which have been available for 30

years. Alloying ceramic material with zlrconia or

titanium is being tried to improve fracture tough-

ness. Unmanned machining (robotics) favors AC cutting

tools because of the stiffness and long-life of the

ceramic inserts.
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Wear Part Applications--Ball and roller bearings for

high-performance applications made of AC materials

(silicOn nitride in particular) are now finding limited

use in industrial machinery, for corrosive oil, gas,

and chemical processing, and are being researched for

use in automobile and aircraft engines. Improved pro-

cessing methods have allowed densification of silicon

carbide and silicon nitride, which has increased their

tolerance to point or stress loading. The light

weight, heat resistance, and wear resistance of ceramic

bearings are major advantages over conventional (tung-

sten/steel) bearings. Their light weight makes the

centrifugal load lower, thereby improving fatigue life

and high-speed performance. Conventional tool steel

(the highest temperature resistant material now in use)

softens excessively after being exposed to high temper-

atures for long periods of time. Higher temperature

resistant bearings (i.e., advanced ceramie bearings)

will be necessary for future high-speed industrial

machinery. Advanced ceramic pump seals are used in

sand slurries, chemical processing, and oil and gas

recovery. Currently they are the most widely used AC

product in the wear parts category. The same proper-

ties that make AC products useful in other applications

(hardness, low friction, high resistance to corrosion,

high temperature capability) make them useful in pump

seals. Temperature characteristics of advanced eer-

amics have made them perfect for this application,

because of the need to dissipate heat at the surface of

the seal. Stability of shape when heated quickly (di-

mensional stability) is also a critical feature of

advanced ceramics. Sandblast nozzles are now being

made of advanced ceramics due to the need for nozzles

with high wear capabilities and abrasion resistance.
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Table 12-11 lists the strategic materials that advanced

ceramics could replace. Clearly, advanced ceramics will be a key

to the future technological development of many industries.

Conclusion

The advanced ceramic industry is clearly experiencing rapid

growth. Advances in AC technology are continuing in the areas of

ceramic powder production, integrated circuit packaging, capaci-

tors, cutting tools, wear parts, engine design, and other

advanced ceramics products.

Industry shipment of AC products are expected to increase

nearly ten fold in the next 20 years. AC products could replace

the following strategic materials: tungsten, cobalt, nickel,

chromium, molybdenum, manganese, titanium, platinum and palla-

dium, columbium, and tantalum.

Currently, the U.S. and Japan are virtually equal with

regards to technology in the field. If current conditions remain

unchanged, U.S. will fall behind Japan in AC technology.

According to the U.S. Department of Commerce, there are two cate-

gories of technology push and market pull. The technology push

option involves:

Federal R&D expenditures increased for advanced engi-

neering ceramics. The money should be directed at

solving the AC problem of catastrophic failure and at

finding cost-effective manufacturing techniques.

Provide an improved technology transfer function of AC

technology from military and space applications to the

private sector.

Increase private R&D on AC technology through federal

incentives such as tax incentives, matching funds, and

low-interest loans.
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@ Improve the capacity of the U.S. to transfer foreign

scientific advances in the AC field. This is one par-

ticular area where Japan is much better equipped.

Stimulate universities and colleges to train advanced

ceramics engineers by offering them federal funds for

thelr programs.

The market pull option includes:

To purchase federal items on the basis of their content

of advanced ceramic products. This could include mili-

tary items, automobiles, and office computing equip _

ment.

The Bureau of Standards must set reliability standards

in AC products to insure quality.

To provide AC producers with liability insurance due to

the problem of AC catastrophic failure.

The primary need for advanced ceramic research, however, is in

the areas of solving the catastrophic failure problem and in

finding a cost-effective method of production.
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The rubber and miscellaneous plastics products subsector,

SIC 30, whore value added accounted for 2.9% of the manufacturing

sectorVs contribution to QDP in 1980, comprises the 14th largest

manufacturing lndustry (in this study, the apparel and other

textile products subsector, 3IC 23, the 13th largest manufactur-

ing industry will, not be covered). The subseotor Is character-

ized by:

A high degree of fragmentation. Out of a total of

approximately 18,000 establishments, 13,000 employ less

than 20 persons (1977).

A low labor productivity of $17,988 per employee or

$9.37 per employee hour (1980, 1972 $), ranking this

subaector£o_enth among the nation's 20 manufac-

turing subsecto_a. A compound annual labor produc-

tivity growth rate average of -0.6%/year from 1972 to

1980 ranks thiasubsector last. The labor productivity

for the comparable Japanese subsector was $11,508 per

employee year or $5.99 per employee hour (1980, 1972

$), ranking this subsector eleventh among Japan's 20

manufacturing subsectors. The compound annual labor

productivity growth Pate for the Japanese subsector

averaged 4.q_/year from 1972 to 1980, ranking .... this

subsector sixteenth.

An average capital investment base relative to other

subsectors within the manufacturing sector. Capital

investment amounted to $15,962 in total assets per

worker, ranking eighth in terms of (depreciated) fixed

assets (1980, 1972 $). New yearly capital expenditures

were $1,648 per employee (1980, 1972 $), ranking

eleventh in the manufacturing sector. Total capital

productivity, measured as dollars of added value output

per dollar investment, was 0.82 (1981).
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An average R&D program. For the subsector as a whole,

R&D expenditures amounted to $0._ billion (1980, 1972

$)j ranklng this subsector eighth among the 20 manufac-

turlnEsubsectors. R&D expenditures were equivalent to

2.9_ of the value added by the subsector in 1980.

Table 13-1 shows the major products of each subdivision of

the rubber and misoellaneous plastics products industry, with

their share of thesubsectorts contribution to GDP in 1980 ranked

in descending order. Table 13-2 summarizes the principal eco-

nomic measures of these subdivisions.

One subdivision--miscellaneous plastics products (SIC 307 or

3079) which consists of manufactured plastic products of all

types with the exception of plastic footwear and plastic

hose/belting--accounted for 64_ of the subsector's output in

1980. Because this subdivision considerably dominates the other

subdivisions wlthinthis industry, it has been selected for anal -_

ysis in order to assess long:term technology needs.

B.13.1 MISCELLANEOUS PLASTICS PRODUCTS (SIC 307)

The total plastics industry produced $5_ billion in ship-

ments in 1983. The miscellaneous plastics products subdivision

accounted for $37 billion of shipments or 68_; the remaining 32_,

classified as plastics materials and resins (SIC 2821), consti-

tutes captive production or the self-manufacture of plastic pro-

ducts to be consumed within other major industry groups.

Examples of the latter are the automotive lndustryp food pack-

aging materials, and toy manufacturers. Miscellaneous plastics

products are associated with all other plastic products

industries (with the exception of plastic footwear and plastic

hose/belting).
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Business and structural profiles of the miscellaneous and

plastic products subdivision are presented in Tables 13-3 and 13-

4, respectively. Table 13-3 shows that industry shipments

expressed in constant 1972 dollars, have increased 55_ in eleven

years, from $10.7 billion in 1972 to $16.6 billion in 1983.

Employment rose steadily up to 1979, after which it stabilized at

a slightly lc_er level. Labor productivity, i.e., output per

employee hours rose from 1972 to 1977, and has stabilized at that

level.

Table 13-4 shows that the miscellaneous plastics products

industry is highly fra_nented; 75_ of its establishments employ

less than 20 persons. A typical manufacturer in this industry

earned a net income of 3_ after taxes in 1981 on sales of about -_

$5 million. The typical plastics fabricator is a small, inde-

pendent business with a potential for modular operations and

incremental expansion. Its finished product is dominated primar-

ily by the cost of input i_erials (49_), and secondarily by

manufacturing and other labor {21_) costs. In 1979 and 1983, the

value of exports in this industry was nearly twice the size of

imports.

The dominant constraint in the miscellaneous plastics

products industry is cost. Because plastic is a petrochemical-

based products the cost of plastic is dependent on the cost of

oil.

Key Growth Influences in the Miscellaneous Plastic
i i

Products Industr_

The use of fabricated plastic parts has underEone a siEnifi-

cant change in focus over the last five years. Whereas the early

growth of the industry was driven by the low cost substitution of

plastic parts for natural materials, advances in polymer and

processinE technologies in the 1980s have resulted in the pro-

duction of plastic parts with superior performance to natural
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TABLE 13-3

BUSINESS PROFILE OF THE

MISCE_/ANEO[B PLASTICS PRODUCTS IN[XLTI_Y (SIC 307)
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TABLE 13-4

STf_T_RAL PROFJIE CF THE

_TIC3 _ _ (SlC 307)
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materials (e.g., ceramics, metals, and wood). At the same time,

the average cost of high performance reslns has continued to drop

through the use of alloying or blending wlth lower-cost commodity

thermoplastics. The results In many cases, Is a lower-cost,

higher-performing plastic part.

A second major growth Influence In the plastics products

industry IS the key role that plastics fabrication plays in the

rapidly-growing electronics industry, In areas as diverse as

printed circuit boards and buslness machine housings,

Technolo_ Trends

Plastics Products

In The Miscellaneous

Industry

Host technological advances which impact the plastic

products industry are developed outside the industry. For

example, the packaging industry has been a leading proponent of =

the so-called "plastlc can", a product being developed to replace

the metal can in many food applications. The actual development

process has involved packaging companies, plastlc resin

companies, equipment manufacturers and, of course, fabricators,

In point of fact, the packaging company, equipment company, _d

resin manufacturer work out the details and the fabricator will

"take orders" for producing the final product. Another second

source of technical development is derived directly from equip-

ment manufacturers, a group that has a vested interest In devel-

oping new and different equipment In order to obsolete "old"

machines and maintain industry shipments.

Thls outside influence is typical of the plastic products

industry, In which smaller fabrication companies do not have the

budget or interest to take on any but the most elementary_

research and development projects. They prefer to leave this

work to the larger resin and/or food packaging companies. In all

probability, any significant product or process developments will

come.from these integrated companies.
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Plastic fabrlcation processes which show the highest level

of future activity include:

o

o

o

e

e

o

Resln transfer molding

Twin screw extrusion and compounding

Reaction injection molding (RIM)

Sheet molding compound (SHC) and injection

moldlng of bulk molding compound

Pultruston

Thermofor_tng

Sheet and film co-extrusion and lamination, and

Injection blow-molding and co-extrusion blow-molding

All of these technologies are belng pursued today and many

are already part of viable commercial operations. Future devel-

opment efforts are llkely to be focused on such areas as cold

stampable polymers, high-strength structural composites, super--

high temperature _ polymer p_ocesslng, flame-retardant plastic

products, biodegradable plastic parts, and so on. However, It is

unllkely that any o£othese development efforts will be suppor_

by the fabrication industry itself. These projects wtll_e

undertaken by resin manufacturers, end users, or outside third

parties.

LonE-Term Technological Assessment of the Miscellaneous

Plastics Products Industry
i

Over the next £ive to 15 years, the miscellaneous plastics

products industry should experience a solid, but cyclical growth

rate as the redefined role of substitution and the growth of the

electronics industry drive plastic products demand. In-house

fabrication together with selected custom fabricators will

support most of these technology developments. However, these

developments will be more likely driven by the end user rather

than the fabrication process itself. In the longer term, as the

needs of end users become more sophisticated and product and
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process technology becomes more proprietary, the role of the

independent fabricator in areas outside of commodity applications

could be decreased.

The technological challenge In thl8 industry will continue

to be the development and_fabrication of synthetic materials with

superior performance and llght weight--so called high performance

structural composites. Superior performance will depend on two

factors: 1) the material used, a function of the up-stream

industries; and 2)the method of eputting materials together, w

Current research in these areas ls driven by the automotive and

alr transportation industries. This research will incorporate

developments from all segments of the chemicals polymer and

fabricated products industries and will have wlde-ranglr_appll-

cations. For example, In the long term, synthetic material, cou_ _

go a long way towards replacing conventional building materials.

Generally, the long-term technological challenge will be to

derive the same performance from synthetic materials--cubic inch

for cubic Inch--that Is currently possible from conventional

materials such as steel and wood. Pound for pound, synthetics

are already superior to natural materials In many end uses, and,

the inventory of useable synthetic materials is quite large: 50

unique polymers, a dozen or so fibers, and an almost unlimited

number of fillers and additives. It is most likely, therefore,

that future breakthroughs In the development of structural _ syn-

thetic materials wlll derive from selecting the right materials

among a multitude of choices and fabricating them In such a way

as to achieve a unique performance.

Assuming that both the materials and a structure are avail-

able, key technologies wlll also depend upon the designing of

machines to perform a particular task. An example which received

considerable publicity was the design and fabrication of a struc-

tural skeleton for a space station.. Work Is currently being

performed on an epoxy-Impregnated carbon-fiber ribbon, which can
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be fed lnto a £abrlcatlng machine and converted Into a structural

"beam w. This lightweight, yet strong material, and the process

associated wlth its conversion to a useful product, could greatly

reduce the cost Of building in space.

In addition, new technologies need to be developed In the

adhesives Industry, As synthetic building materials emerge, new

ways must be developed to hold the pieces together--quite likely

mechanical fasteners will give way to chemical fasteners or

adhesives.

Many of these technology issues have already surfaced in the

aerospace and automotive industry as engineers have sought

lmproved fuel economy through welght reduction. For examples the

relatively stmple task of aligning automotive body parts for

welding became nearly _Japosslble when the Industry started uslng

plastic with pre-drtlled holes--the parts would never llne up

exactly wlth the holes. A potential solution to this problem ls

to use adhesives. However, there is clearly a long way to go

before we can efficiently produce these products with synthetic

materials.

In the future, it will become more difficult to distinguish

between rubber and plastic products. Alloys and blends of elast-

omers and plastic resins are common today and wlll increase over

time. Plastlc reslns provide stiffness for rubber produo_s and

elastomers provide impact resistance and flexibility for plastic

products. Both are made from synthetic reslns which are derlved

from many of the sane basic molecules. Thus, the final part of

this challenge will be to look beyond conventional industry

boundaries In search of all kinds of materials which can be com-

bined with rubber and plastic to create new structural

composites.

13-11



Conclusion

The miscellaneous plastics products industry is one of the

fastest _owlng industries in the U.S., although at present it Is

the smallest (in-terms of value-added contribution to GDP)

lndustryre_lewed in this report. In the future, the industry Is

expected to continue to grow faster than the U.S. economy in

general ms r_plaatlcs are combined with textiles, fiberglass,

rubber, and earbon fibers to produce composites to replace cur-

rently-used conventional materials. The new composite materials

will be found in a wide range of products ranging from alrcraft

and automobiles to buildings.

The miscellaneous plastics products industry has an average

R&D program but augments developments that arise with research

advances developed _y other industries.

The needs o£ the industry can be categorized into two areas:

• Development o£ synthetic materials to replace wood_:and

metal as structural building materials, and tO r_ep_e

or be blended more with rubber. Currently, this devel-

opment Is dependent upon research results from the

chemical, polymer, and fabricated products industries.

New technologies are needed to develop chemical

adhesives to replace currently used mechanical

fasteners.
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@ Improve the capacity of the U.S. to transfer foreign

scientific advances in the AC field. This is one par-

ticular area where Japan is much better equipped.

Stimulate universities and colleges to train advanced

ceramics engineers by offering them federal funds for

their programs.

The market pull option includes-

To purchase federal items on the basis of their content

of advanced ceramic products. This could include mili-

tary items, automobiles, and office computing equip-

ment.

The Bureau of Standards must set reliability standards

in AC products to insure quality.

To provide AC producers with liability insurance due to

the problem of AC catastrophic failure.

The primary need for advanced ceramic research, however, is in

the areas of solving the catastrophic failure problem and in

finding a cost-effective method of production.
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B.13 mlWBBER MID RI3CELLANEOU8 PLA3TIOS PRODOGT3- (3IC 30)

The rubber and miscellaneous plastics products subsector,

3IC 30, whose value added accounted for 2.9_ of the manufacturing

sector's contribution to GDP In 1980, comprises the lqth largest

manufaoturtn8 industry (In this study, the apparel and other

textile produets subseotoP, SIC 23, the 13th laPgest manufactur-

ing lndustry will not be covePed). The subsector is chaPacteP-

1zed by:

A high degPee of fPagmentatlon. Out of a total of

appPoxtmately 18,000 establishments, 13,000 employ less

than 20 persons (1977).

A low labon pnoductlvlty o£ $17,988 pen employee oe

$9.37 pen employee houn (1980, 1972 $), nanklns_ thls

subsecton Sourteenth among the nation's 20 smnuSao-

tuning subsectons. A compound annual labor pnoduc-

tlvity gnowth rate average oS -0.6_/yean Snom 1972 to

1980 ranks this subsecton last. The labon pnoductlvlty +

ton the comparable Japanese subsecton was $11,508 pen

employee year on $5.99 pen employee hour (1980, 1972

$), nanking this + subsector eleventh among Japan*s 20

manuSactuning subsectors. The compound annual labon

productivity gnowth rate ton the Japanese subsector

averaged 4.4_/year Seom 1972 to 1980, nanking this

subseoton sixteenth.

An avePage capital Investment base relative to othen

subsectons within the manuSacturlng secton. Capital

Investment amounted to $15,962 In total assets per

worker, ranking eighth In terms oS (depreciated) Slxed

assets (1980, 1972 $). New yeanly capital expenditures

wene $1,648 pen employee (1980, 1972 $), ranking

eleventh in the manufacturing sector. Total capital

productivity, measured as dollans oS added value output

per dollar Investment, was 0.82 (1981).
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• An average R&D program. For the subsector as a whole,

R&D expenditures amounted to $0.4 billion (1980, 1972

$), ranking this subsector eighth among the 20 manufac-

turing subsectors. R&D expenditures were equivalent to

2.9_ of the value added by the subsector in 1980.

Table 13_1 shows the major products of each subdivision of

the r_bber _ miscellaneous plastics products industry, with

their share of the subsectorls contribution to GDP in 1980 ranked

in descending order. Table 13-2 su-,-arises the principal eco-

nomic measures of these subdivisions.

One subdivision--miscellaneous plastics products (SIC 307 or

3079) which consists of manufactured plastic products of all

types with the exception of plastic footwear and plastic

hose/belting--accounted for 64_ of the subsectorts output in

1980. Because this suhdiTls_n considerably dominates the other

subdivisions within this industry, it has been selected for anal-

ysis in order to assess lone ter_ technology needs.

B.13.1 MISCELLANEOUS PLASTICS PRODUCTS (SIC 307)

The total plastics industry produced $54 billion in ship-

ments in 1983. The miscellaneous plastics products subdivision

accounted for $37 billion of shipments or 68_; the remaining 32_,

classified as plastics materials and resins (SIC 2821), consti-

tutes captive production or the self-manufacture of plastic pro-

ducts to be consumed within other major industry groups.

Examples of the latter are the automotive industry, food pack-

aging materials, and toy manufacturers. Miscellaneous plastics

products are associated with all other plastic products

industries (with the exception of plastic footwear and plastic

hose/belting).
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Business and structural profiles of the miscellaneous and

plastlc products subdivision are presented In Tables 13-3 and 13-

4, respectively. Table 13-3 shows that industry shipments

expressed In constant 1972 dollars, have increased 55_ In eleven

years, from $10.7 bllllon In 1972 to $16.6 bllllon In 1983.

Employment rose steadlly up to 1979, after which It stabilized at

a sllghtly lower level. Labor productivity, 1.e., output per

employee hour, rose From 1972 to 1977, and has stabilized at that

level.

Table 13-4 shows that the miscellaneous plastics products

industry ls highly Fra_nented; 75_ oF lts establishments employ

less than 20 persons. A typlcal manufacturer In this tndustry

earned a net lncome oF 3_ after taxes In 1981 on sales oF &bout

$5 million. The typical plastlcs Fabricator Is a small, Inde-

pendent business with a potential For modular operations and

Incremental expansion. Its Flnlshed product Is dominated primar-

Ily by the cost oF input materials (q9_), and secondarily by

manufacturing and other labor (21_) costs. In 1979 and 1983, the

value oF exports In this industry was nearly twlce the slze oF

lmports.

The domlnant constraint In the miscellaneous plastics

products industry ls cost. Because plastlc 18 a petrochemical-

based product, the cost oF plastic 18 dependent on the cost oF

otl.

KeY Growth InFluences In the N1scellaneous Plastic

Products Industr _

The use oF Fabricated plastlc parts has undergone a signiFi-

cant change In Focus over the last flve years, k_ereas the early

growth oF the industry was driven by the low cost substitution oF

plastic parts For natural materials, advances In polymer and

processing technologies In the 1980s have resulted In the pro-

ductlon of plastic parts with superior performance to natural
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materials (e.g., ceramics, metalss and wood). At the same tlme,

the average cost of high performance resins has continued to drop

through the use of alloying or blending with lower-cost commodity

thermoplastics. The result, in many cases, is a lower-cost,

htgher-per_ormtng plastic part.

A sea?rid major growth Influence in the plastics products

industry is the key role that plastics fabrication plays in the

rapldly-groWlng electronics Industry, in areas as diverse as

printed circuit boards and business machine housings.

Technolo_ Trends In The Miscellaneous

Plastics Products Industr_

Most technological advances which impact the plastic

products industry are developed outside the industry. For

example, the paokaglng£ndustry ha8 been a leading proponent of _

the so-called Wplastic can H, a product being developed to replace

the metal can in many food applications. The actual development

process has lnvolved packaging companies, plastlc resin

companies, equipment manufacturers and, of course, fabricators.

In point of fact, the packaging company, equipment company, and

resin manufacturer work out the details and the fabricator wll_l

"take orders" for producing the final product. Another second

source of technlcaldevelopment is derived directly from equip-

ment manufacturers, a_group that has a vested interest in devel-

oping new and dt££erent equipment in order to obsolete Wold-

machines and maintain industry shipments.

This outside influence is typical of the plastic products

industry, in which smaller fabrication companies do not have the

budget or interest to take on any but the most elementary

research and development projects. They prefer to leave this

work to the larger resin and/or food packaging companies. In all

probability, any significant product or process developments will

come from these integrated companies.
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Plastic fabrication processes which show the highest level

of future activity include:

e

e

e

Resln transfer molding

Twln screw extrusion and compounding

Reaction injection molding (RIM)

Sheet molding compound (SMC) and Injection

mOldlng of bulk molding compound

Pultruslon

Thevmo£or_lng

Sheet and fllm co-extrusion and lamination, and

Injection blow-molding and co-extrusion blow-molding

All of these technologies are belng pursued today and many

are alreadypart of viable commercial operations. Future devel--_.

opment efforts are likely to be focused on such areas as cold.

stampable polymers, hlghtt_ength structural composites, _super-

high temperature :polymer processing, flame-retardant plastic

products,_btodeEPadable__aevt:_c parts, and so on. However, It ls

unlikely that any of_these .development efforts will be supported

by the fabrication industry itself. These projects wlll be

undertaken by resin manufacturers, end users, or outside third

pavtles.

Long-Term. Technological Assessment of the Miscellaneous

Plastics Products Industr_

Over the next five to 15 years, the miscellaneous plastics

products industry should expedience a solid, but cyclical growth

rate as the redefined role of substitution and the growth of the

electronics industry drive plastic products demand. In-house

fabrication together wlth selected custom fabricators will

support most of these technology developments. However, these

developments will be more likely driven by the end user rather

than the fabrication process ltself. In the longer term, as the

needs of end users become more sophisticated and product and
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process technology becomes more proprietary, the role of the

independent fabricator in areas outside of commodity applications

could be decreased.

The technoloKical challenge In thls _dustry will continue

to be the development and_fabrlcation of synthetic materials with

superior pet_orlance and light weight--so called l_gh performance

structural composites. Superior performance will depend on two

factors: 1) the material used, a function of the up-stream

industries; and 2) the method of "putting materials together."

Current research in these areas is driven by the automotive and

air transportation industries. This research will lncorporaCe

developments from all segments o£ the chemical, polymer and

fabricated products industries and will have wide-ranKing appli-

cations. For example, in the long term, synthetic material could

go a long way towards replacing conventional building materials.

Generally, the long-termi_chnological challenge will be to

derive the same perfoPmance fPma synthetic materials--cubic lneh

for cubic Inch--that is currently possible from conventional

materials such as steel and wood° Pound for pound, synthetle_s

are already superior to natural materials in many end uses, and,

the inventory of useable synthetic materials is quite large: 50

unique polymers, a dozen or so flbers, and an almost unlimited

number of fillers and additives. It is most likely, therefore,

that future breakthroughs in the development of structural syn-

thetic materials will derive from selecting the right materials

among a multitude of choices and fabricating them in such a way

as to achieve a unlque performance.

Assuming that both the materials and a structure are avail-

able, key technologies will also depend upon the designing of

machines to perform a particular task. An example which recelved

considerable publicity was the design and fabrication of a struc-

tural skeleton for a space station. Work is currently belng

performed on an epoxy-impregnated carbon-fiber ribbon, which can
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be fed lnto a fabricating machine and converted into a structural

ebeam". This lightweight, yet strong material, and the process

associated with its conversion to a useful product, could greatly

reduce the cost of building in space.

In addition, new technologies need to be developed in the

adhesives, industry. As synthetic building materials emerge, new

ways must be developed to-hold the pieces together--quite likely

mechanical fasteners will glve way to chemical fasteners or

adhesives.

Many of these technology issues have already surfaced In the

aerospace and automotive industry as engineers have sought

improved fuel economy through weight reduction. For example, the

relatively simple task of aligning automotive body parts foe

welding became nearly impossible when the industry started us_

plastiewlth pre-drtlled holes--the parts would never line up

exactlywith the holes. A potential solution to this problem is

to use adhesives. However, there is clearly a long way to go

before we can efficiently produce these products with synthetic

materials.

In the future, it will become more difficult to distinguish

between rubber and plastic products. Alloys and blends of elast-

omers and plastic resins are common today and will increase over

time. Plastic resins provide stiffness for rubber produc_s and

elastomers provide impact resistance and flexibility for plastic

products. Both are made from synthetic resins which are derived

from many of the same basic molecules. Thus, the final part of

thls challenge will be to look beyond conventional industry

boundaries In search of all kinds of materials which can be com-

bined with rubber and plastic to create new structural

composites.
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Conclusion

The miscellaneous plastics products industry is one of the

fastest growing industries in the U.3., although at present it is

the smallest (in-terms of value-added contribution to GDP)

industry reviewed in this report. In the future, the industry is

expected to continue to grow faster than the U.S. economy in

general as plastics are comblned with textiles, fiberglass,

rubbers and carbon fibers to produce composites to replace cur-

rently-used conventional materials. The new composite materials

will be found in a wide range of products ranging from aircraft

and automobiles to buildings°

The miscellaneous plastics products industry has an average

R&D program but augments developments that arise with research

advances developed _y other industries.

The needs o£ the industry can be categorized into two areas:

Development o£ synthetic materials to replace wood and

metal as structural building materials, and to replace

or be blended more with rubber. Currently, this devel-

opment is dependent upon research results from the

chemical, polymer, and fabricated products industries.

New technologies are needed to develop chemical

adhesives to replace currently used mechanical

fasteners.
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